
NIGHT FIGHTER 


High over England the challenge of night bombing is being answered by 
specialized night fighter airplanes. One of the most effective of these has 
been the Havoc I, which packs speed, maneuverability, and devastating 
fire. This model of the famous Douglas DB-7 gets its power and speed 
from two dependable Twin Wasp engines. 


PRATT & WHITNEY AIRCRAFT 


EAST HARTFORD, CONNECTICUT 

ONE OF THE THREE DIVISIONS OF UNITED AIRCRAFT CORPORATION 
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...WE HELP YOU SOLVE IT 




• BRONZE BOSHINGS • BEARINGS 

• PRECISION BRONZE BARS 

• BABBITT METALS 


No matter how unusual the bearing requirement may be, it can 
be met by a Bunting Bronze Standardized Bearing in combination 
with proper lubricating methods and other details specially 
engineered for the application. 

Bunting engineers will show you how to make Bunting Bronze 
Standardized Bearings wholly satisfactory in your applications. 
Advice, blue prints, technical data are freely and promptly sup- 
plied for lubrication, relationship of running clearances to rota- 
tive speeds, press fitting, oil and dust sealing, and all other 
details of a successful bearing installation. 

This service costs you nothing. State your bearing problem. 
We will help you solve it with bearings which can be obtained 
promptly from wholesalers and Bunting warehouses everywhere 
. . . The Bunting Brass & Bronze Company, Toledo, Ohio. Ware- 
houses in All Principal Cities. 






s, Maryland, U. S. A. 



O For maintenance, as well as original installation, 
Auto-Lite Sterling offers a complete line of aircraft 
electrical wire and cable, built to the industry’s most exact- 
ing standards. Whatever your requirements — Army Specifi- 
cation or Navy Specification — primary, starting or high 
tension— Auto-Lite Sterling manufactures it to the same high 
standards which characterize Steelductor, the modern stain- 
less steel ignition cable. 

For complete information write for the Auto-Lite Sterling 
Aviation Electrical Wire and Cable Catalog Page No. 791, 
and name of your nearest distributor. 


THE ELECTRIC »UT0- 




@ AUTO-LITE 'Sterling 


WIRES AND CABLES 
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BALL BEARING 
DO’S AND DON’TS 
FOR MECHANICS 


. 

OUT IN ot AWS 



We all thought Gus would bust a 
blood vessel the time be catches 
Willie Doolittle - that’s one of our 
mechanics — wiping out unshielded 
ball bearings with a piece of dirty 
waste. "First time in yer life y’ ever 
did anything y’ weren’t told to do,” 
growls Gus, "I mighta known it’d 

GUS SAYS "DON'T!" 

DON'T forget an unshielded 
bearing is just about 13 times as 
delicate as the shielded control 
bearings I been telling you 
about. 

DON'T wash the lubricant from 
bearings and let them lie over- 
night. Dry bearings will start to 
rust in a few hours. 

DON'T press a ball bearing 
onto a shaft by pressing or ham- 
mering on the outer ring. 


Unshielded hearings 



Fifth of a series of instruction sheets 
published by The Fafnir Bearing 
Company, based on its experience 
with the leaders of U. S. aviation. 

ALL THE RULES previously listed 
in these pages for control bearings 
apply even more strongly on un- 
shielded bearings; those used in 
engines and engine accessories, for 
example. 

DIRT MUST BE kept out of these 
bearings at all costs -don't even 
unwrap them until you’re ready to 
install them. 

FITS ARE EVEN CLOSER with un- 
shielded bearings than the usual 
control applications. So be sure 
shafts are square, shafts and hous- 
ings are not out of round, and fits are 
snug but not cramped. 

WHERE SHOULDERED housings or 
shafts are used, be sure to press bear- 
ing all the way home, pressing only 
on inner ring for shaft mounting, 
only on outer for housing mounting. 

CHECK MOUNTED bearing to be 
sure it runs free. If it is mounted in 
an accessory part, tape it to keep it 
clean until part is ready for final 
assembly. If this is final assembly, 
be sure mis-alignment doesn't cramp 
bearing. 

ALWAYS REMEMBER, dirt and dust 
are ball bearings' worst enemies. 
And that most bearing failures can 
be traced to installation errors or 
carelessness. If you’re "stuck” with 
a bearing problem, you can always 
get help from The Fafnir Bearing 
Company, Aircraft Division, New 
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DELICATE AS A WATCH 

- TILL YOU INSTALL THEM 

TOUGH AS A DIAMON 

- AFTERWARD 








WRING IT OUT 
ALL YOU WANT 


almost any good plane can be safely 
slow-rolled by an expert. But the Fair- 
child Trainer was designed with an 
extra broad margin of stamina for the 
stresses imposed by the aerobatics of a 
beginner. After thousands of hours with 
the Army Air Corps, the CPTP, and the 
CAA, the Fairchild Trainer has amply 
demonstrated its tolerance for the abuse 
of the heavy-handed fledgling, as well 
as its sensitive response to the precision 
aerobatics of the experienced pilot. 

And, right side up, that wide, rugged 
landing gear takes five-foot-high land- 
ings — prevents ground loops— assures 
continuous service in the air. 

FAIRCHILD AIRCRAFT 

Division of Fairchild Engine & Airplane Corp. 
Hagerstown, Maryland . . Cubic Address "Faircrnft” 



AERONAUTICAL ENGINEERING 6 MASTER MECHANICS 




□ AERONAUTICAL ENGINEERING COURSE 

□ HASTES AVIATION MECHANIC COURSE 


CURTISS M WHICH T 
TECHNICAL © mSTITUTC 

GRAND CENTRAL AIR TERMINAL 1226 AIRWAY GLENDALE (LOS ANGELES) CALIF 

UNDER PERSONAL SUPERVISION 01 NRIOR C. C. MOSEllT, OWNER, SINCE IIS ESTABilSHMENI IN 1919 




Single Gang... or 16 Gang... It’s all in a day’s Orders! 


A prominent manufacturer of regulating devices needed a 
special potentiometer of 16 gangs and needed it quickly. 
The problem was presented to Mallory engineers, the job 
put into production, finished and delivered on time and right 
from every standpoint. 

Solve a problem ... fill a need . . . find a new way . . . 
They’re all in a day’s orders for Mallory engineers. 

In addition to the standard wire-wound rheostats and poten- 
tiometers shown at the left, Mallory also manufactures and 
stocks high-resistance, carbon element controls in both stand- 
ard and midget types . . . values from 5000 ohms to 9 megohms. 
Special construction features insure noiseless operation. 
Manufacturers in many fields have turned to Mallory Vari- 
able Resistors, potentiometers, rheostats and attenuators for 
laboratory equipment, test and production devices where 
quiet action and critical adjustments arc needed. 

P. R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA 

Cobl. AJdr.n — PtLMAUO 



From Canada to the Argentine 22,000 pilots are being trained each year. 

The Western Hemisphere depends on these new men for its impregnable 
air defense . . . just as the training of thousands of these pilots has depended 
on the reliability of Kinner Engines. 



Throughout North and South America — in Canada 
Commonwealth Air Training Plan, in the U. S. Army and 
many of the Republics to the South — Kinner Engines are 
primary training. 


KINNER MOTORS, INC., GLENDALE, CALIFORNIA, U.S.A. 




Micarta 

helps build U. S. Air Supremacy 


When critical material shortages 
threaten to hand you a wallop below 
the production line— call in Westing- 
house Micarta. 


half as much as aluminum of equal 
strength, withstands vibration, flexes 
without fatigue, insulates like Mica 
and fabricates easily. 


This heavy-duty plastic is a tried 
and proven veteran of aviation service. 

In addition to the uses illustrated 
above, it is now being applied in 
many other ways ... to replace parts 
formerly die-cast, forged or machined 
... as a substitute for materials at 
present unavailable. 

Micarta weighs approximately one- 


Micarta reduces noise and dampens 
vibration . . . pound by pound in 
compression, it exceeds the strength 
of structural steel. It resists corrosion 
and moisture, is unaffected by cold 
and heat . . . wears slowly and evenly, 
provides low bearing clearances. 

Let Westinghouse Micarta help 
relieve critical material shortages. 



Wfcstinbhouse 

AVIATION ^ MICARTA 



withdraw accurately controlled surges of D - C current 
for more uniform welding of aluminum 


Tough job, aluminum welding. You need com- 
paratively high voltage in a narrow current 
range. Aluminum and other alloys used in 
modern planes have a very narrow plastic range. 
How to get the exact welding current you need 


with any previous method. If your we 
lem demands action now, you'll be gl 
that Condens-O-Weld units are re 
For detailed data, write Westinghou 
8s Manufacturing Company, East Pittsburgh, 






*MORE DIFFERENT KINDS 
OF SNOWPLOWS ARE 
MOUNTED ON FWD TRUCKS 
THAN ANY OTHER MAKE 
OF TRUCK OR TRACTOR 


O PEN airports all through the 
winter are vital to National 
Defense and passenger flying 
schedules as well. First choice for 
the fastest, lowest in cost, most de- 
pendable method of combating 
snow — keeping 'em flying by 
keeping airport runways clear 
and clean — is the FWD truck. 


Unbiased surveys covering every 
state in the snowbelt and many 
Canadian provinces (where heavy 
snowfalls are a constant menace) 
prove that FWD's are 
a 4 to 1 choice 
for this severe 


Canadian airports — from New- 
foundland to the Yukon — use 
more than 85 FWD trucks, keep- 
ing landing fields and runways 
clear of the heavy snows typical 
of the Canadian winter. 


The ability to smash through the 
deepest drifts — to knife its way 
through hard-packed snow and ice 

— the full power and traction of 
four driving wheels — the capa- 
city to do a clean job faster — and 
still be thrifty with operating costs 

— these are but a few of many 
reasons why FWD is the No. 1 
choice with experienced airport 
operators everywhere. 


SNOW REMOVAL PERFORMANCE m^» 
BY ANY OTHER MAKE OF TRUCK OR TRACTOR 


F WD trucks were first in the field of motorized snow equipment and hove held their 
preeminent position ever since snow removal began to be accepted practice in air- 
port operation. There are many reasons why FWD's out-perform all other types of equip- 
ment in this gruelling service. 

An ordinary motor truck merely equipped with a snowplow attachment seldom stands 
up to the job, because you need the ruggedness and stamina of an FWD with its 
balanced power on all four wheels — its double, positive traction, a truck that's 
"tailor-made" for the tough job of bucking deep heavy snow drifts. 

You need FWD’s special heat-treated steels developed to provide the maximum of re- 
sistance against failure in sub-zero temperatures — you need its special gear ratios — its 
tremendous reserve power — its full and balanced traction of four driving wheels — its 
properly calculated weight distribution that gives it stability on bumpy, slippery surfaces. 
Rotary plows, "V” plows, plows of every practical type can be swiftly and securely mount- 
ed on FWD’s because they have been designed with proper snowplow mounting facilities. 
More different kinds of snowplows are mounted on FWD trucks than any other make 
of truck or tractor. 

When you buy an FWD you get a truck that is not only the best of its kind for snow re- 
moval service but also a.truck that yields the biggest return on the investment because of 
its all-season usefulness on regular maintenance jobs around the airport. 

Write for the complete FWD performance record on 
airport snow removal and other maintenance service. 

THE FOUR WHEEL DRIVE AUTO CO., Qintonvitte, VJis., U.S.A. 





ONLY THE FWD FOUR-WHEEL-DRIVE TRUCK PROVIDES SO MANY OUTSTANDING SNOW REMOVAL ADVANTAGES 




In flight, the U S. Navy's Consolidated PB2Y. At the take-off, a Navy Consolidated PBY. Export versions 
of the PBY are also in service for the British, Canadian, Australian and Dutch East Indies Governments. 

Ig &YIAT1QH. December, 1941 



In order to give maximum assistance to the national defense 
program, and for the duration of the present emergency, Cal- 
Aero Flight Academy, Mira Loma Flight Academy and Polaris 
Flight Academy will continue to devote their entire efforts 
and modern airport-academy bases at Ontario, Oxnard, Lan- 
caster and Glendale, California, exclusively to the training of 
Flying Cadets for the U.S. Army Air Force and Royal Air Force 




(AL-AERO 


ACADEMY 


THE TRAINING POLICY OF THESE 
SCHOOLS IS DEDICATED FIRST 
TO SAFETY AND SECOND TO 
TECHNICAL PERFECTION. 
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Brewster, Dougins, Republic, Vega, Vought-Sikorsky, Vultee . . . names tbat are shy- 
writing bistory . . . are among tbe many wbo look to Fleetwings for control-surfaces of 
aluminum alloy or stainless steel and otber parts. * Fleetwings” is a descriptive as well 
as a firm-name wben it comes to putting speed into tbe making of fins, stabilizers, ele- 
vators, flaps, rudders, ailerons, spoilers and otber parts. * If you arc in need of a depend- 
able sub-contractor — one wbo can meet your production schedules — look to Fleetwings! 

Fleetwings pioneered stainless steel for aircraft and is today the world's largest 
manufacturer of structural aircraft parts and airplanes of stainless steel. 





the request of thousands of reserve officers, who were 
accustomed to the superior fit, comfort, and wear of Florshcim civilian 
styles. When called up for active duty, they helped us design a special 
last to meet all Military specifications: straight inside line; extended rubber heel; arch- 
cradling shank, and seamless, chafeless quarter-linings. This last is now reserved exclusively for 
Florsheim Military Styles . . . the shoes worn today by more Army, Navy, 

Marine, Air Corps, and Coast Guard officers than any other Quality line ! 


JfeyM/ar Styles 


WRITE FOR THE ADDRESS OF YOUR NEAREST FI.ORSHEIM DEALER OR STORE 
THE FLORSIIEIM SHOE COMPANY • CHICAGO • Manufacturers of Fine Shoes for Men and Women 



BUILD L I (i H I t K... 


ASSEMBLE 


In every assembly location where SPEED NUTS or SPEED CLIPS have 
replaced conventional fastenings, immense weight reduction has 
been made. In many eases they actually saved 70% to 80' „ of the 
weight. That is why we say BUILD LIGHTER with SPEED NUTS. 

SPEED NUTS are manufactured from high carbon spring steel and 
accurately heat treated. They are the only one piece fastening de- 
vices with a double spring tension lock. Severe vibration tests proved 
that SPEED NUTS are four times tougher in resistance to vibration 
loosening. And SPEED NUTS are applied so fast that time saved 
frequently exceeds 50%. This is why we say ASSEMBLE FASTFR 
with the SPEED NUT SYSTEM. 

Defense production lines move faster at lower cost with the SPEED 
NUT SYSTEM and deliver a completed product that stands the 
punishment of extreme vibration. Send us your assembly details 
now and we will mail samples and engineering data promptly. 


TINNERMAN PRODUCTS, INC. 

2070 Fulton Road Cleveland, Ohio 

IN CANADA: IN ENGLAND: . 

Wolloce Borne! Co., lit ' ’ " 



OVER A BILLION IN USE-OVER 700 SHAPES AND SIZES 
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☆ ☆☆True Flight and 
“Happy Landings” for our 


. . . their safety is guarded by 

sinews of the finest steel! 


Y OU’LL find American Tiger 
Brand Aircraft Strand and Cords 
in a large percentage of the planes 
that arc rolling off the production 
lines these days — for these very im- 
portant reasons: Only the finest steels 
— tested and retested many times — 
go into the manufacture of Tiger 
Brand Strand and Cords. Every wire 
of every cable is cold drawn to high- 
tensile strength through precision 
dies. Minimum stretch, high fatigue 


resistance and superior strength are 
in-built features. Every detail of their 
production is under the supervision 
of men who specialize in the making 
of control cables that are as sound 
and trustworthy as modern science 
and modern manufacturing equip- 
ment can make them. 

American Tiger Brand Aircraft 
Strand and Cords meet, and safely 
exceed, all requirements of the latest 
U.S. Army and Navy specifications. 


AMERICAN STEEL & WIRE COMPANY 


Cleveland, Chicago and New York 


UNITED STATES STEEL 



Airlines Save Years in Defense 

■ BOLDING back the clock . . . turning travel hours into work time, the 
II airlines are helping this country’s defense production overtake in months 
a head start of years. Key men transported across the country or over oceans 
in a matter of hours — materials, plans, blueprints on hand when and where 
needed — these are the contributions of the airlines. 





AN PROTEK-PLUG 

THE ANTI-CORROSION TREATMENT FOR 
AIRCRAFT ENGINES AND ACCESSORIES 



Universal Application 
Greater Capacity 

More Convenient Cable Attachment 
S.A.E. and AN Standard 
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BENDIX has combined a compact range 
\($\ ^er with an audio adapter, providing a 
completely portable unit for ferry flights, 
or permanent installation in existing equipment. 

A switch selects voice, range or both, and a 
cord and plug connect the adapter to the receiver 
output. Two jacks are available for headphones. 

The filter unit, which is available separately, 
provides the maximum necessary attenuation of 
unwanted signals and is identical to that used in 


range transmi 


:er — 48 DB. It has also been ir 


natch a low impedence receiver and one or 
two low impedence headphones. The filter meas- 
ures 3 %" x 3 V' x 2\" and weighs 1 lb. 14 oz. 

Complete data will be furnished recognized 
firms on reque 

BENDIX f 


! AVIATION, LTD. 


UNITS • RANGE FILTERS • CONTROL PANELS • JACK BOXES • ANTENNA SWITCHES • MICROPHONES 


INTERPHONE SYSTEMS • TRANSMITTERS • COMMUNICATION 










ECCENTRIC 

SEAT GRINDERS 





# 1tu delivery of the first AT-11, a twin engine advanced training airplane 
manufactured by the Beech Aircraft Corporation, Wichita, Kansas, has just been 
announced by the War Department. This low-wing all-metal monoplane will be 
used for the specialized training of bombardiers and gunners. It is equipped with flexible 
guns and bomb racks for the instruction of a crew of three or four men depending upon 
the instructional mission. The AT-11 has a wing span of approximately forty-seven feet, 
a length of thirty-five feet, retractable landing gear and twin tail. Power is delivered by 
two radial, nine cylinder, four-hundred-fifty horsepower Pratt and Whitney engines 
which operate two two-bladed propellers having a diameter of approximately eight feet." 

( Official War Department description ) 

The AT-11 BEECHCRAFT thus joins a distinguished family of other BEECHCRAFTS in 
service with the Air Corps and the Navy. These others already giving faithful and efficient 
service are the AT-7 Navigation Trainer, the C-45A Transport, the F-2 high-altitude 
photo-mapping airplane, the JRB-1 utility observation and JRB-2 Transport (all twin- 
engine types), and the GB-2 single-engine biplane transport. 
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Bendix check valves are available for all tube 
sizes from 1/4 to 1 inch with threaded ends to 
meet both Air Corps Specification 27993 and 
AND-10056. 


Longer life . . . less weight . . . Volume produc- 
tion ... are achieved through the basic simplicity 
of the Bendix hydraulic check valve which is 
being specified as standard equipment on numer- 
ous Air Corps and Navy airplanes. 

The Bendix valve incorporates a Plastic 
Poppet* which "wears in" instead of wearing out. 
No inserted seats are used as the poppet seats 
directly in the valve body. The valve is chatter- 
free at all flows without the aid of dashpots. 


BENDIX AVIATION , LTL 


DISCONNECT COUPLINGS ^7 POWER BRAKE VALVES 
HAND PUMPS ACTUATING CYLINDERS 

SEQUENCE VALVES HYDRAULIC SELECTOR VALVES 


CHECK VALVES PRESSURE REGULATORS^ 

HYDRAULIC ELECTRIC SWITCHES (J| RESTRICTOR VALVES 


p TUBE CLAMPS CUSTOM BUILT RADIC 






PREFERRED FOR PERFORMANCE 
BY AMERICA'S AIR WAYS 


NTEN ANCE! 


iNAP-ON TOOLS CORPORATION, 8020-L 28th Aveni 


Kenosha, Wisconsin 
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Every famous name in air-transportation depends 
on Snap-on tools to keep its priceless motors at 
their peak ... its great sky-liners winging swiftly 
on schedule. At airports, in overhaul divisions, in 
flight engineers' compartments, wherever main- 
tenance operations require speed with accuracy, 
Snap-on tools are the choice of men who know 
that in their workmanship lies the fate and future of aviation. 
Snap-on tools are built to merit this trust . . . are noted for fine steel, for beautiful balance 
and finish, for easy handling, for the safe, sure way they speed the skill of the hands that 
use them . . . Investigate Snap-on tools for your requirements . . . over 3000 units from 
which to choose. See your Snap-on salesman, or write . . . 



Where there is Fighting -there’s a Vultee * * 

Vital unit in Democracy’s Arsenal is Vultee Aircraft, Inc. 
Here are produced Dive Bombers for Britain; Pursuit 
Ships for China; Trainers, Attack Bombers, and others 
for the U.S.A. Vast experience has dictated high stand- 
ards for each of the thousands of parts that arc built into 
these aircraft. They must “stay on the job.” Vultee rec- 
ords in maneuvers and actual combat bespeak the accur- 
acy of each selection. 

Belden Wire is used on Vultee planes. 

Belden 

^*^WIRE 


Starter, Lighting, and Instrument Cables v v v SPARK PLUG WIRES 
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ARMY PILOT 
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A WORLD OF SERVICE-FOR THE WORLD'S BEST CUSTOMERS! 


PRECISION PRODUCTS C OR P 
BURBANK. CALIFORNIA. U.S.A 


JOBS!.. . certainly young men can get them in 


the aviation industry today 

BUT THIS IS NO TIME TO GO 
INTO AVIATION UNTRAINED 


Prepare yourself for a top position. At Boeing 
School of Aeronautics you will acquire the fun- 
damentals and specialized knowledge that avia- 
tion demands— training that will put you in line 
for rapid advancement when you start to work 









Split-second ^ReclbtonA- rest 
soundly on 

split-thousandth 



•v? Fast maneuvering aloft calls for fast thinking, 
and for unquestioning reliance upon the truth of 
instrument indications. 

Flying attitude, direction, altitude, speed and 
engine output must never be matters of doubt, 
when a man has to think swiftly and soundly to 
keep on living. 

This fact is the reason that Pioneer pays more 
for Precision than for any other attribute or part 
of any Pioneer Instrument. 

Pilots in every sky of the world, 
approve of this policy whole-heart- ^ 
edly, as demonstrated by their pref- 
erence for Pioneer Instruments. *AI t' - 

PIONEER INSTRUMENT 

DIVISION OF BENDIX AVIATION CORPORATION 
BENDIX, NEW JERSEY, U. S. A. 
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FIGHTING ACE FOB '42 . . . Republic Aviation, holding to the single objective 
of developing the ultimate in high-altitude interceptor aircraft for 
the Army Air Forces, records its newest and most noteworthy 
achievement — the P-47 Thunderbolt, a super-powered plane for a 
super-fighting job. Republic Aviation Corp., Farmingdale, N. Y. 

REPUBLIC AVIATION 
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Back to Starvation? 


» THE AIRCRAFT MANUFAC- 
TURERS have risen lo the call of their 
country and piled up a miraculous score 
of deliveries for 1941. Military air- 
craft production has risen from 799 to 
2000 per month and is still on the way 
up. Total for the year is more than a 
three-fold increase over that of 1940. 
We have reached and passed the half- 
way point in the expansion to a pro- 
ductive capacity of 50,000 planes per 
year. Our acceleration in production 
has exceeded that of Germany or Eng- 
land even during their forced-draft ex- 
pansion before the war. For compara- 
tive figures see "Air Defense Progress” 
by T. P. Wright, Aviation, Nov., 1941. 

Some manufacturers have huge back- 
logs of orders on the books, and the 
total backlog of the industry is steadily 
rising. The danger of profiteering has 
been adequately controlled by an excess 
profits tax law, which is so effective 
that it has been highly successful in 
discouraging investors front purchasing 
the securities of aviation manufacturing 
companies. Anyone who analyzes and is 
able to understand our excess profits 
law will think several times beiore he 
places his money in aviation enterprises. 

Now, on top of all this, conte a couple 
of Congressmen with new proposals to 
limit profits. One of them is our old 
friend, Carl Vinson of Georgia, whose 
legislative creations of the thirties were 
largely responsible for the starvation 
period of aircraft procurement and 
which drove the industry to sell its 
products and licensing rights to foreign 


countries, including Germany, in order 
to remain alive. There were many long 
years when export business alone un- 
hampered by profit limitation kept plants 
open and manufacturing talent com- 
paratively intact. The plain truth is 
that too much of our development ex- 
pense was paid for by foreign nations. 
And such an arrangement could not be 
expected to last indefinitely. 

» A SEVEN PERCENT PROFIT 
LIMIT sounds generous to the unsus- 
pecting citizen who cannot get two per- 
cent from his local savings bank. But 
when you deduct state and local taxes 
and a few other things, the seven per- 
cent actually shrinks up to something 
less than you could get from the local 
savings bank. 

Now maybe two percent is a fair net 
return on a large volume of business in 
some industries. But it certainly is not 
adequate to provide the vast engineer- 
ing expenses that must go into the de- 
velopment of tomorrow’s airplanes, 
engines, and accessories, and it is engi- 
neering that will be that deciding factor 
in this and every other war. Have our 
legislators, in their blindness, forgotten 
the superb engineering and development 
organization against which we are com- 
peting in the present war effort? Or is 
it that they don't know the difference 
between research and development. 

» WHILE CONGRESS WAS 
STARVING OUR MANUFACTUR- 
ERS and discouraging development in 
the middle thirties it was also starv- 


ing our government research organi- 
zations. Hardly a year passed but 
what the N.A.C.A. was forced to fight 
for its paltry appropriations to main- 
tain a research staff only a fraction 
of the size of Germany’s. Wright 
Field, too, was eternally plagued by lack 
of funds. And yet these organizations 
performed the impossible by making 
many important contributions to the 
aeronautical sciences during these lean 

When war threatened, Congress be- 
came a little more generous but even 
now it is necessary to resort to defi- 
ciency appropriations to do the job 
properly. And our leaders in research 
are going ahead and doing their job in 
a highly satisfactory way, under many 
varieties of handicaps. One of the most 
serious of these, incidentally, is the 
necessity under the law of letting con- 
struction contracts on the basis of com- 
petitive bidding instead of negotiation 
or cost-plus. And it is very difficult to 
find contractors willing to go ahead on 
the old basis when there is plenty of 
cost-plus business available. 

But research, although highly im- 
portant, is only one part of the job. The 
other is that part called development, 
and in this place the practical engineer 
takes the new discoveries of the re- 
search laboratories and moulds them 
into a better finished product. This is 
the function of the manufacturer’s en- 
gineering staff, spurred on by the ever 
increasing demands of the military and 
naval procurement organizations. It is 
from this phase of engineering that the 
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American Air Maneuvers at Miami, Florida, January 9-11. Everybody 
goes, everybody thrills. 

Should you fly your own ship, principal airports en route will service 
it with the same Texaco Aviation Gasoline and Texaco Aircraft Engine 
Oil used by the airlines. In fact: 

More revenue airline miles in the U. S. are 
flown with Texaco than with any other brand. 

The outstanding performance that has made Texaco FIRST with the 
airlines has made it FIRST in the fields listed in the panel. 

These Texaco users enjoy many benefits that can also be yours. A 
Texaco Aviation Engineer will gladly cooperate in the selection of 
Texaco Aviation Products, available at leading airports in the 48 States. 

Phone the nearest Texaco distributing plant, or write: 

The Texas Company, Aviation Division, 135 East 42nd Street, New 
York, N. Y. 
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i TWO GREAT RADIO PROGRAMS 

METROPOLITAN OPERA. Complete broad- ' 


THEY PREFER TEXACO 

★ More revenue oirline miles in the 
U. S. ore flown with Texaco then with 
any other brand. 

-Jr More buses, more bus lines and 
more bus-miles are lubricated with 
Texaco than with any other brand. 

★ More stationary Diesel horse- 
power in the U. S. is lubricated with 
Texaco than with any other brand. 

★ More Diesel horsepower on 
streamlined trains in the U.S. is lubri- 
cated with Texaco than with all other 
brands combined. 

★ More locomotives and cars in the 
U. S. are lubricated with Texaco than 
with any other brand. 



RETURN METAl DRUMS PROMPTLY . . . thus helping to moke present supply meet industry's needs and releasing metol (or Notionol Defense. 
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continuous flow oi new and improved 
aviation equipment will come. If we cut 
off experimental development we cannot 
compete with the aircraft designers of 
Europe. And it is for this experimental 
work that our manufacturers must have 
a reasonable margin of profit. 

» THE AIRCRAFT INDUSTRY has 
struggled to maintain its experimental 
development through the lean years, 
and is doing so now when production of 
existing designs is the primary necessity. 
We must oppose at all costs, any at- 
tempts, under the guise of profit limita- 
tion legislation or under any other guise, 
to stifle the experimental development 
work which will constitute the deciding 
factor in winning the war. 

» MAINTENANCE AND SERVIC- 
ING of aircraft, engines and equipment 
has always been a matter of great im- 
portance to the operators of airplanes, 
both commercial and military. It is still 
more important in time of war. And 
when these planes are operating in 
strange countries, thousands of miles 
from the factories in which they are 
built, much of their successful use de- 
pends upon the servicing organizations 
and spare parts supplies at their bases of 
operation. In the present war it is al- 
most invariably true that the manu- 
facturers who provided the most com- 
petent and adequate servicing organiza- 
tions abroad, were able to gain the most 
rapid acceptance of their products. 

For this reason a substantial part of 
this Annual Maintenance Number of 
Aviation is devoted to servicing prob- 
lems in time of war. Some of the prob- 
lems encountered in transplanting our 
equipment to British bases of operations 
are discussed by Aviation’s former edi- 
tor, Vice Chairman Edward Warner of 
the C.A.B., who performed a valuable 
service in his recent work in England 
with W. Averell Harriman. Another 
article discusses the fundamentals suc- 
cessfully followed in organizing a serv- 
icing group in England, by Arthur 
Fornoff of Bell, who went over with 
the first consignment of P-39s and did 
much to help the British understand the 

» WE HAVE NOT FORGOTTEN 
maintenance problems in the United 
States and we have been able to present 
a number of articles on the work of the 
military services at home, the airlines, 
and the fixed base operators. 

Nor have we forgotten the annual 
airline maintenance awards presented by 
Aviation to the airlines performing the 
most outstanding jobs of the year. For 
a long time we have felt that we were 
penalizing the small lines whose limited 
resources forced them to substitute in- 
genuity for cash in doing their jobs. 


Accordingly, we decided to make two 
awards and set the dividing line between 
the two airline groups at 100,000,000 
revenue passenger-miles of traffic per 
year. Our heartiest congratulations to 
the winners, — Pan American in the 
large airline group, Northwest in the 
other classification (for details, see 
p. 50 and 52). 

» AMONG THE MOST IMPOR- 
TANT FACTORS considered in de- 
termining the winners of these awards 
was good housekeeping and safeguards 
against fire and shop accidents. Frankly, 
our surveys showed that there is not 
enough attention paid to these impor- 
tant elements of successful maintenance 
operations by a great many of the air- 
lines. This would be bad enough in 
normal times, but it is much worse 
now when the experience level of all 


SAVE TIME BY-. 


workers is falling, due to thinning out 
of personnel for industrial expansion 
and the obligations oi compulsory mili- 
tary service. It behooves all mainte- 
nance executives to overhaul their 
housekeeping methods, fire prevention 
facilities, and employee safeguards, and 
to keep accurate records of shop acci- 
dents so that they can be studied and 
means found to reduce their number and 
degree of seriousness. Tangible rewards 
will come in the form of lower insurance 


» ANOTHER GRAVE DANGER is 
that of sabotage and this may take many 
different forms. Workers must be 
checked closely, new arrivals investi- 
gated carefully, and shops must be 
guarded more adequately than they were 
in the wide open days of peace. It 
is not fantastic to foresee the desire 
of some foreign agent to liquidate some 
important airline passenger or to in- 
augurate a mysterious epidemic of 
crashes as part of a war of nerves. 
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LANDING-GEAR 

EQUIPMENT 


to meet stresses safely 


S TRUTS require extremely precise heat treat- 
ment. The illustrations above show a portion 
of the special apparatus, and two steps in the 
process. All tubes are heat-treated vertically, 
the special fixtures being designed to minimize 
distortion of any sort. 

Notice the electrical temperature recording 
apparatus and the size of the fixture required 
in the heat-treating bath. 

The lower photograph shows the same fix- 


ture with the tubes attached, being lowered 
into the oil quenching bath. 

Production precautions such as these, super- 
imposed upon basic design which is the result 
of a great deal of experience and research, 
provide accurately predictable performance in 
Bendix Pneudraulic Shock Struts. 

BENDIX PRODUCTS DIVISION 
OF BENDIX AVIATION CORPORATION 
South Bend, Indiana 


AIRPLANE WHEELS AND BRAKES • PNEUDRAULIC SHOCK STRUTS • TAIL KNUCKLE ASSEMBLIES • PILOT SEATS 
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» Months ago we noticed an Air 
Force regulation which said that para- 
chutes are automatically rejected at the 
end of seven years. Seemed reasonable 
enough at the time, but later on we fell 
to wondering what became of them 
after that. Goaded on by curiosity we 
finally called up an officer friend who 
knows all about such things, and he gave • 
us the works. 

At the end of seven years— each 
’chute has a sort of log — the silk life 
saver is taken out of personnel service. 
If it’s still reasonably sound, as it usu- 
ally is, it is assigned to duty as a cargo 
’chute and is dropped with supplies, 
weapons, tools and so on for the “para- 

But if it shows certain defects, it's 
“surveyed" out of service, and turned 
over to somebody around the post who 
wants to make it up into white scarfs 
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for the flight personnel. That is why 
you often see pilots, in real life and in 
the movies, wearing white scarfs. 

Not all of it goes into scarfs, however. 
You can have one guess. That's right. 
It ends up as dainties for the women- 
folk attached to the post’s pay-roll, or 
attached to a husband or a swain who is. 
And there's still more to the story. It’s 
confidential and don’t repeat it, but 
manufacturers often send bolts of silk to 
the Air Forces for experimental and 
testing purposes; it's hardly ever all 
used, that way; and what’s left goes 
where we just told you. 

» El Monte is Spanish, if you 
couldn’t guess, and it means “the wil- 
lows.” It's a place in California, and 


it’s at the end of the Santa Fe Trail, 
and the new Western plant of Little- 
fuse, Incorporated, of Chicago, is lo- 
cated there. Littlcfusc manufactures 
small electrical fuses and fuse mount- 
ings for instruments, aircraft, radio, 
etc. The company expanded in Cali- 
fornia because of the vast increase in 
airplane production on those sun-kist 

That's your scene, and here’s what’s 
going on. The company takes a deep 
interest in the welfare of its personnel 
and has gone far beyond the usual along 
this line. “Music," says a company 
news release, “selected by the employees 
is a daily factor of the enjoyment. In- 
stead of a clattering gong at 8 a.m, a 
time switch throws on an automatic 
phonograph and a selection of good 
music goes through the amplifiers, to 
every part of the factory. Music goes 
on again at the beginning and end of 
the lunch hour. At the “fatigue point” 
in the middle of the afternoon, there is 
a rest period. Cool fruit drinks and 
cookies are served in summer” . . . 
fruit drinks and cookies! Boy, that’s 
taking the hell out of war. 

» “I’d like to get this pass re- 
newed," said a middle-aged civilian, 
stepping up to the personnel officer at 
Mather Field and handing him a yel- 
lowed card.” 

Amused, the officer said, “You've been 
AWOL for twenty-three years.” 

The pass was dated August 12, 1918 
and it read : “This will entitle Ray C. 
Flory, Squadron “A” Air Service, N.A., 
to be absent from Mather Field at all 
times his presence is not required by 
his duties on the post.” 

Mr. Flory was a sergeant at Mather 
in 1918, an aerial gunnery instructor. 
Upon being discharged, he kept the 
card as a souvenir. He is now con- 
nected with a Sacramento firm that does 
business with the post. He needed a 
pass, so he had his little joke on time. 
Keep it another twenty-three years, Mr. 


» Here’s what a runaway barrage 

custody 36 hours later, according to the 
Associated Press man at Camp Davis, 
N. C. After breaking away from its 
crew there, with 2,000 feet of steel 
cable trailing, it hooked onto and car- 
ried away a smoke house full of hams 
and a pig pen containing a mamma pig 
and a litter of little ones; shorted a high 


tension line and blacked out Camp 
Davis; shorted power lines 200 miles 
farther on at Norfolk, Va., stopping 
a water pumping station which caused 
a “water hammer” in the pipes which 
busted a main line; went on and blacked 
out five more towns in North Carolina; 
still on, and pulled down a power line, 
putting seven more towns in the dark 
for an hour ; caught a clothes line near 
Swansboro and carried off nearly a 
week’s washing. 


to the Bahamas for the tourist 
season,” said the Duke of Windsor, 
commenting on a visit he paid to the 
Civil Aeronautics Board in Washing- 
ton. “There is a great need for air 
service to the Bahamas to keep the 
tourist trade going in winter." 

For twenty years, man and boy, we've 
promoted tourist trade ourself, and on 
the airlines too, just like the ex-king 
does. Yep, that’s democracy, all right. 
Right now, we’d like to promote a trip 
for ourself to the warm Bahamas! 
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Air Policy and Defense * 

Highlights on some of the problems associated with 
the operation of American aircraft in warfare 

By Edward Warner 

Vice-Chairman, Civil Aeronautics Board, lately Technical Assistant to W. Averell Harriman on British Mission. 


T HE alluring possibilities that air 
power presented to the aggressor 
had a large share in starting the war; 
air power now has a large share in de- 
termining its outcome. The considera- 
tions that determine the effectiveness of 
air power’s use have become vital to 
every living human being. 

Being largely a war of air power, this 
is largely a war of air material. The 
material problem is of particular inter- 
est to Americans, for it is with material 
that we are currently taking part in the 
war in the air. Thousands of American 
airplanes have been shipped to the Brit- 
ish forces. Tens of thousands of others 
will join them, in a mounting tide until 
the final victory in which they will have 
greatly shared has been won. 

The performance of American mili- 
tary aircraft, and the service they have 
given in England and the welcome that 
they have found there, have been the 


subjects of a great deal of recent dis- 
cussion. Questions of aircraft design 
have acquired a popular interest that 
they never had before, and they have be- 
come the subject of hot popular con- 
troversy. Extreme and spectacular 
statements have received wide circula- 
tion. What are the facts? 

The basic facts are those that relate 
to the general quality of the aircraft, 
and their fitness for specialized military 
service. Contrary to frequent allegations 
of national self-exaltation or of na- 
tional self-depreciation, there is neither 
general and continuing virtue, nor gen- 
eral and continuing defect, in Ameri- 
can aircraft, nor in British, nor in 
German. Research goes on in all the 


* Excerpts from an address before 
Foreign Policy Association Forum on 
October 25, 1941. 


major nations. Aeronautical engineer- 
ing follows the same general methods, 
uses much the same data, and is subject 
to the same physical laws in all. In all 
these countries, men of great ability 
have applied their talents to the design 
of aircraft and their engines and aux- 
iliaries, and to the improvement of the 
methods of producing the equipment. 
There have been periods when the arts 
of aeronautical engineering have been 
allowed to lapse into the doldrums in 
one country or another, with a general 
inferiority of the national product re- 
sulting for the time being ; but there has 
been no such period in the last five years 
for any of the countries that / men- 
tioned. I think it can be honestly claimed 
that American research and invention 
have led the way in introducing more 
important new features into aircraft de- 
sign in recent years than have those of 
any other country; and I want to em- 
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The sudden demand of the American public for information on our aircraft 
participating in the present war has resulted in the rise of innumerable pseudo 
experts who have poured out misinformation in alarming volume. Scarcely a 
day passes in which we do not receive several letters from responsible citi- 
zens deeply concerned lest there be some truth in the rantings of these self- 
styled authorities about the quality of our aeronautical material and the ability 
of our military leaders. It is therefore with great satisfaction that we ore 
privileged to present the views of one who has mode aviation his lifework and 

A former editor of Aviation, the author needs no introduction to our 

in war and has made many contributions to aeronautical engineering, design, 
air transport operation, and other branches of aeronautics. During his recent 
stay in England, where he served as technical assistant to W. Averell Harri- 
man, he had occasion to work at close range on some of the vexing problems 
associated with the transplanting of American aircraft to foreign fields of 

These excerpts, from an address delivered to a recent forum on the general 
problems of defense, are intended for a non-technical audience and only a few 
of the many factors in the problem are here discussed. No attempt has been 

essentials of the relation of American to European aeronautical engineering. 


phasizc that, because the charge is so 
often and so inaccurately made that the 
organization of American aeronautics 
has been marked by suspicion and hos- 
tility towards innovation. I repeat that 
not even fragmentary support for any 
such charge can be drawn from the ac- 
tual record. I would not venture, how- 
ever, to extend that claim into a claim 
of any general and inherent superiority 
for the American product. Still less 
could any general inferiority be truth- 
fully admitted. 

If there is no universal superiority of 
one nation over another, however, there 
are many instances of the application of 
particular efforts, in one nation or an- 
other, to the solution of a particular 
problem on the development of a par- 
ticular type. A few of the more con- 
spicuous instances of that sort may be 
mentioned, — instances in which we have 
followed one line of development, while 
the British or perhaps all of Europe 
have followed another, with the result 
that for certain special purposes our 
aircraft do possess special advantages, 
while in other respects they work under 
special handicaps. 

The first such 'instance is that of the 
heavy bomber. Many countries — Ger- 
many and Russia among others in re- 
cent years, — have at some time experi- 
mented with aircraft of giant size. In 
most European countries such trials 
have been a passing fancy, and a domi- 
nant consideration in determining policy 
on the size of the aircraft to be built 
in quantities has been a desire not to 
put too many eggs into one basket, but 
rather to secure a larger number of 


The British had been first to use four- 
engined airplanes for commercial pur- 


poses, and most persistent in develop- 
ing their air transportation around 
very large aircraft; but to the four- 
engined bomber, although they con- 
tinued development work and now have 
two excellent types in regular service, 
they gave a comparatively secondary 
place. In this country, on the other 
hand, for at least five years the direc- 
tive policy of the Air Corps has viewed 
the large bomber, in the form collo- 
quially known as the “flying fortress,” 
with unvarying favor, and has given it 
a consistently high priority in procure- 
ment planning. 

The heavy bomber is now recognized 
to have a number of special advantages 
for the present type of operations. 
Among the most important are its 
greater relative bomb-carrying capacity 
over long ranges, the lighter bombers 
being essentially short-range types; its 
ability to carry individual bombs of very 
large size, for attacking concrete build- 
ings and other stoutly resistant struc- 
tures ; and its reduced personnel 
requirement, as compared with the two 
or three light bombers that would be 
required to carry the same total mili- 
tary load as one heavy one. Even the 
Germans, who have been persistently 
faithful to the light bomber for overland 
raiding, have turned to the development 
of larger types for the long-range oper- 
ations of the campaign over the Atlan- 
tic. The high development of the 
bomber of 40,000 lb. weight or more in 
the years since 1935 constitutes one of 
the greatest of America’s special con- 
tributions to the preparation of victory. 

Another interesting point for illus- 
tration, and one that has been the occa- 
sion of some intensely acrimonious 
public discussion by aeronautical writ- 


ers, concerns the power-plant. Both 
America and Britain build both air- 
cooled and liquid-cooled engines; but 
the concentration of effort upon the air- 
cooled types has been more intense in 
America than in Europe. There has 
been more hope in America that air- 
cooled engines could be made to serve 
all purposes, and the American air- 
cooled power-plants have made a world- 
wide reputation: but the British have 
built many more liquid-cooled engines 
than we have, and they have advanced 
more rapidly in increasing the power 
of the individual engine toward the pres- 
ent maximum of some 2,000 hp. Since 
most high-performance fighting aircraft 
are designed around liquid-cooled en- 
gines, our less intensive activity on that 
type of engine has imposed limitations 
on fighter development. Liquid-cooled 
power-plants are now in production 
here, and the development of new models 
of higher power is being pressed for- 
ward with all possible vigor; but we lack 
the British advantage of continuous de- 
velopment and large-scale application 
over the past decade. 

The last point that I select for men- 
tion is that of the design of aircraft 
engines for maximum performance at 
very high altitudes. There are two gen- 
eral ways of making an aircraft engine 
maintain its full power in the region of 
rarefied atmosphere. Dependence may 
be placed entirely upon a supercharger 
built into the engine itself ; or there may 
be a supplementary provision of a super- 
charger attached to the engine as an 
accessory, and not mechanically con- 
nected to it, but driven by the exhaust 
gas. European development has con- 
centrated on the first method; America 
has given much attention to the second. 
The auxiliary type of supercharger has 
been the subject of study and occasional 
experiment in England, in Germany, 
and in France, but only in America has 
( Turn to page 186 ) 
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Quick Turn-Around 

Pan American Airways has maintenance bases at Miami, Rio, 
Brownsville, San Francisco, Seattle, and New York — plus new 
shops being set up in Africa. Top-rank maintenance can be 
found at any of these places. Aviation's Maintenance Award 
is presented to all of the 2,500 mechanics and supervisors along 
these far-flung routes. Each shop in its turn has had to do its 
own pioneering. The following account of maintenance meth- 
ods being used on the North Atlantic service is typical of the 
originality and skill being used on all Pan American routes. It 
concludes a series of three articles on trans-oceanic operations. 

By Edward W. Me Vi tty 

Division Engineer, Atlantic Division Pan American Airways System 


W HEN transoceanic flying boats of 
the Boeing 314 type, were first 
placed in operation four years ago, an 
average flying time of 44 to 5 hours a 
day on an airplane was considered good. 
On the transatlantic service we arc now 
approaching the neighborhood of nine 
hours daily on this type of airplane. 

With the addition of the recently 
named Capetown Clipper to the Atlantic 
fleet we now have four airplanes in 
this service, the same number with 
which we started operation in 1939. 
In that year we were averaging 18 fly- 
ing hours per day on the fleet, about half 
what we are doing now. This means 
that four airplanes in 1941 are perform- 
ing work which is the equivalent of that 
which eight similar airplanes could per- 
form in 1939. 

Explaining the situation in a different 
way, and viewing it from the economic 
standpoint we had a fleet of airplanes 
in 1939 which cost $3,000,000. The work 
being performed right now is similar to 
that of a $6,000,000 fleet of aircraft. 
When such a situation is viewed with 
this angle in mind it can be easily un- 
derstood that substantial investment can 
be made in such necessities as shop 
equipment, inspection facilities, etc., to 
obtain more intense performance and 
still leave the operator, financially speak- 
ing, well ahead of where he started. To 
obtain the above, Pan American Air- 
ways had to reduce the maintenance 
time on these 84,000 pound Clippers 
from six days to two. In one-third the 
time that it formerly took, the company 


is performing as many items of mainte- 
nance on the Clipper between round 
trips across the 3,890 mile route between 
New York and Lisbon as when service 
first began. The number of items in 
such an operation may amount to as 
many as 1500. 

In common with all airlines, Pan 
American Airways has had a drastic 
need to show such improvement. The 
war and the defense program, which 
have tremendously increased the de- 
mand for all types of air transport serv- 
ice, have simultaneously removed the 
possibility of meeting that demand 
through an increase of flying equipment 
The only solution to the situation which 
has arisen is to use the aircraft on hand 
for more flying in any given period. 


That, in turn, means doing more mainte- 
nance work in any such given period 
upon aircraft available for maintenance 
work during such reduced periods. 

The only difference between the 
problems to be met by the domestic air- 
lines and the burden placed upon the 
Pan American Airways maintenance 
base at LaGuardia Field by the outbreak 
of the European war, is that the im- 
pact of increased traffic demands fell 
upon the transatlantic airline at least a 
year earlier than it began to have a con- 
trolling effect upon domestic operation. 
Perhaps, therefore, it would be worth 
while to go into the means by which 
Pan American Airways has cut its 
maintenance procedure time so greatly. 

(Turn to page 178 ) 







Northwest Airlines 
V/ins Aviation's 
Maintenance Award 

for line flying less than 100,000,000 
revenue passenger miles per year. 


N orthwest airljnes has been 

doing a fine maintenance job since 
the line started 15 years ago, when 
equipment consisted of OX-5 engines 
and Curtiss Orioles and Thomas Morse 
planes. Over the intervening years 
Northwest has steadily increased the 
size of its airplanes and extended its 
routes. Now it Hies from Chicago out 
over the northern Rockies to Seattle 
and Portland. If Croil Hunter’s hopes 
materialize, his line will have routes 
from New York to Alaska via Minne- 
sota, and the Dakotas. 

From president down to the men who 
sweep the hangars, Northwest has al- 
ways been a maintenance man’s airline. 
During lean years in the past, when 
dollars had to go a long way, mainte- 


nance superintendents, shop foremen 
and mechanics designed and built new 
test equipment and many new facili- 
ties for handling and servicing air- 
planes. Today, wherever one turns in 
the overhaul base, there are evidences 
of the inventiveness and ingenuity of 

To maintain its fleet of Douglas and 
Lockheed planes. Northwest employs 
some 250 supervisors and mechanics. 
They are distributed over eight stations : 
Chicago, Minneapolis, St. Paul, Fargo, 
Billings, Spokane, Seattle and Port- 

Maintenance work is done so care- 
fully that mechanical failures are few 
and far between. Hours between over- 
haul of equipment, as approved by 


C.A.A., are among the best in the coun- 
try. Maintenance costs per mile flown 
are low, but not so low as to indicate 
a neglect of important items. Mechan- 
ics are well trained and turnover is 
low. Morale of the maintenance staff 
is excellent. Shops and hangars along 
the entire route are clean, orderly and 
reflect a pride in their work on the part 
of the men. Due to clean shops, good 
equipment and thorough training, few 
accidents occur to shop personnel. 

Northwest’s men are thinking con- 
tinuously about new ways to improve 
servicing methods. One example is the 
pressurized ignition harness devised by 
maintenance engineer Carl Swanson. 
The line had had some engine failures 
due to ignition trouble. A strenuous 



Typical ot Northwest's department heads is Chet Brown, head ol 
propeller shop. He devised a clip to hold blades to hub enabling 
one man to do work ol three; also an improved propeller balanc- 

Joe Shuster, NWA prop. man. 


Northwest has a skilled group of engine mon. Here, loft to 
right, are Martin Leadon who heads up engine installation and 

of engine changes has been worked out. Changes aro often 
made at Minneapolis. All engines are made by Pratt & Whitnoy. 
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Northwest's president is Croil Hunter, a George Gardner. V.P. of Operal-ons. hai 
staunch believer in good maintenance. contributed much to fino maintenance record. 





attack was made to solve the problem 
and the pressurized ignition harness 
was the result. Chet Brown of the pro- 
peller shop has devised new equipment 
for shop use as well as suggested solu- 


tions to design problems that have been 
used by Hamilton Standard. New 
tools, new test methods and mainte- 
nance procedures are found in each of 
the service shops. 





shifted in position by turning the crank at right. 






Air Corps Learned Plenty 
ON MANEUVERS 
But Did the Ground Troops ? 


By Garrett Underhill 



T HE air-ground ojjyation in the 
GHQ phase of this year’s Louisi- 
ana maneuvers -involved the greatest 
military |orce ever assembled by this 
country for peacetime exercises. Though 
the shortage of material remained acute, 
for the first time in 21 years sufficient 
planes and equipped^ground units were 
on hand to lend an air of verisimilitude 
to Army large-scale mock combat. 

In the main and longest inter-army 
battle, 213,000 ground troops of Lt. 
Gen. Walter Kreuger’s Third (Blue) 
Army opposed 123,000 troops compris- 
ing the Second or Red Army under Lt. 
Gen. Ben Lear. Assisting the Blues 
against the superior armored and more 


roll, 1.000 lb. bombs paal a lino-up of Blue 
A-20-A's. Umpire rules compelled all Air 


mobile Red forces were the 200 pursuit 
and 106 bombardment aircraft of the 
Third Air Task Force under Major 
General Herbert Dargue. The Red 
Second Air Task Force wielded by 
Major Gen. Millard Harmon comprised 
148 bombers and 156 pursuits. The total 
of combat ships was thus 306 Blue to 
304 Red — an equalization made possible 
by the allocation of no less than 100 
bombers and 60 fighters from the Navy 
and Marine Corps. 'With observation 
planes under ground army control added 
in, the grand total of all the tactical 
planes was 438 for the Blues, and 388 
for the reds. 


In spite of the stunning impact of 
Lend-Lease policy upon Air Corps pro- 
curement and training programs, the 
Air Task Forces and observation squad- 
rons acquitted themselves brilliantly. 
They indicated that the Air Corps, in 
comparison with ground forces, has a 
superior ability to withstand over-rapid 
expansion, and is better prepared for 
the coming war. 

After months of small unit training, 
the conduct of the average ground sol- 
dier and junior officer was a severe dis- 
appointment. Deficient in fundamentals 
of scouting and patrolling that every 
hunter ought to know, officers and men 



Major General Herbert Dargue 
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All ground operations were conducted 
in an atmosphere of mystery, confusion 
and indecent haste. So abnormally 
rapid for untrained troops was the 
tempo of most movements -that avoid- 
able errors were committed and bad 
habits compounded. Unusual was the 
unit that took the time and trouble to 
select suitable emplacements for its 
guns, and to protect and camouflage 
them even in an elementary way. So 
preoccupied were troops in rushing 
about that the simplest rules of cover 
and concealment went unheeded. In one 
instance. Blue infantry walked right 
across an open field in the face of the 
annhilating fire of four heavy Red ma- 
chine guns, and by out-arguing weak- 
willed umpires actually carried the im- 
pregnable Red position. Unfortunately 
the speed and carelessness of these 
maneuvers htyl significance outside of 
an indication of the state of small unit 
training. These faults meant that higher 
commanders could not obtain a true 
conception of the facility and success 
with which wartime operations could be 

Kiuuv u, „ BU „ lllly ......j In contrast, the air forces were a 

cooperatively with an armored halt-track. Observation pleasant surprise. They, too, worked at 
squadrons worked steadily and turned in a tine pot- 3 high tempo. In fact, many more mis- 
formanco. The 0-49 provod itself to be an excellent air* sions were flown than had been antici- 
pated. Nevertheless, each mission was 
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normally well-flown and thoroughly 
umpired. This had to be, since in the 
air there was less opportunity for sur- 
reptitiously cutting corners and getting 
away with sloppy performance. 

It is true that with superior radio 
communications, air operations were 
more under central, and therefore, more 
able control than were the diversified 
and innumerable actions on the ground. 
With civilian air raid warning nets 
functioning fairly well, and with radio 
locater units in use, interceptions of 
raiding pursuit and bombardment were 
carried out with infinitely greater cer- 
tainty and knowledge than were the as- 
saults or counter-attacks of the land 

However, the pilots and squadron 
commanders proved themselves fully 
competent in handling situations once 
higher echelons had passed them on. 
On the first day of the army phase, a 




picture shows widely spaced units of 33d 
Division. Machine guns are ready lo tire. 
Lower picture shows Red armorod forces 

was satisfied, maiority of ground troops 
paid little attention to air strafing. 




Lake Charles. 


able equipment shows a dangerous disre. 


Red pursuit formation was returning to 
Barksdale Field. As it began to form a 
landing circle under the low overcast, 
Blue P-43s swept out of the rain clouds 
and pounced on them. It turned out that 
the Blue intercepter officer had sent out 
his squadron at just the right moment — 
for all Red pursuit at Barksdale were 
servicing — and that his squadron com- 
mander had chosen the proper time and 
place for the attack. Before fresh Red 
interceptors could take the air, the Red 
P-40s which had not already landed 
were out. No sooner was that action 
complete than the Blue squadron picked 
out and shot up nearby artillery ammu- 
nition trucks of the First Armored Di- 
vision. In war this surprise attack on 
the most vulnerable part of the armored 
march column would have raised havoc 
with the passage of the tank division 
through the choke points near the 
Shreveport bridge. 

If anything, the air forces may thus 
be said to have normally done the right 
thing at the right time. When accom- 
panying Red armored divisions in the 
main and longest battle of the maneuver, 
one could count on a devastating attack 
from Gen. Dargue’s bombers the in- 
stant any concentration was made. Red 
engineers maintaining the vital 1000- 
foot pontoon bridge across the Red 
River at Campi were kept very busy 
replacing bridge sections which were 
umpired out, for no sooner would re- 
pairs be complete after one bombing 
(Turn lo page 198) 





The W dr and Aircraft 

The head of Lockheed's world-wide service organization re- 
veals some of the lessons his firm has learned from the war. 

By Reagan C. Stunkel, Customer Service Manager, Lockheed Aircraft Corporation 


EEP ’Em Flying!" 

On the billboards and the radio, 
emblazoned across the country in news- 
papers and magazines and on the lips of 
Americans, young and old, the slogai 
"Keep ’Em Flying” seems to have rung 
the bell in the minds of Mr. and Mrs. 
John Public. Little do Mr. and Mrs. 
Public realize that the tremendous task 
of fulfilling their maxim is one dele- 
gated not to our tremendous production 
facilities but rather to the maintenance 
organizations of our military air serv- 
ices. And a prodigious task it is! 

Strangely enough, there is little prece- 
dent around which such large scale 
maintenance may be planned. Certainly 
there is little to be derived from the 
last war. The airline systems, with their 
smoothly functioning scheduled opera- 
tions are not sufficiently mobile to per- 
mit the extraction of many lessons. Our 
military systems, on a peace time basis 
up to the beginning of hostilities abroad, 
must undergo an abrupt expansion com- 
pletely beyond the realms of comparison 
with any similiar program by virtue of 
the size of the undertaking. 

Recognizing the importance and 
enormity of the job to be done, on April 
29, 1941 the Air Corps created the new 
Maintenance Command at Wright 
Field. A completely new branch of the 
Air Corps organization, the Mainte- 
nance Command has already made deep 
inroads into the maze of problems pre- 


sented by the maintenance of our new 
Air Force. 

It will be of interest to review some 
of these problems. The modem fighting 
airplane is a complex bit of machinery 
to maintain in operating condition. 
With the advent of high output, turbo- 
supercharged engines, complicated hy- 
draulic systems, automatic power plant 
controls and innumerable other ad- 
vancements, all applied in a different 
manner to different types of aircraft, 
maintenance problems mount to formid- 
able heights in direct proportion to the 
number of aircraft being operated. Add 
to this the inevitability of the most dif- 
ficult operating conditions imaginable, 
for the days are gone when work can be 
accomplished in the warm recesses of 
a well-lighted hangar, and some idea of 
the heartbreaking task may be had. 

The British have found that under ac- 
tual conditions of war, it is impractical 
to keep more than a very few aircraft 
in a hangar at the same time. They 
must be spread around a field, under 
trees or camouflaged to prevent loss due 
to bombing. The maintenance must go 
on, however, in spite of the ravages of 
the elements. 

Aircraft returning from combat 
flights may require new wings, engines, 
or other major components. These 
changes must be made in the open under 
the most trying conditions. Mainte- 
nance equipment, then, must be designed 



for just such conditions. Aircraft jacks, 
used to lift the planes to check landing 
gear operation, must not sink into soft 
ground when the weight of the aircraft 
is applied. When the airplane is jacked 
up, a gasoline driven hydraulic test rig 
must be used, since no power is avail- 
able for electric driven equipment. If an 
engine is to be changed, a portable crane 
must be available to swing the old en- 
gine off and the new one on. 

Aircraft damaged so severely that re- 
pair is impractical in the field must be 
returned to the major repair depot. We 
have seen aircraft return with entire 
sections of the fuselage, tail group or 
wing shot away. One aircraft actually 
completed its mission with one entire 
bay of the fuselage shot away, leaving 
the interior open to the airstream. At 
times these damages are not sufficiently 
great to justify returning the plane to 
a depot. It is then a squadron mainte- 
nance problem. A portable workshop 
with drills, riveting equipment, and a 
source of power supply for operating 
the equipment must be used for this 
type work. Generally speaking, a re- 
pair job requiring less than 48 hours 
is accomplished in the field. 

The question of the proper equipment 
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Keep 'Em Flying— Abroad 

Acceptance of American airplanes abroad depends not only on the quality 
and performance of individual types. Another important factor, too frequently 
neglected in the past, is the adequate supervision of maintenance service. 

By Arthur L. Fornoff, Service Manager, Bell Aircraft Co. 



Art Fornoff went to England in June to establish assembly and servicing facilities 
for Bell Aircraft, and returned tbe middle of August. Traveling by transatlantic 
Clipper, the crossings were accomplished without incident. He is leaving again, 
early in November, to continue his good work in Britain. 

Eloquent testimony to the value of Fornoff’s service abroad is contained in a 
recent letter from Edward Warner, Vice Chairman of the Civil Aeronautics 
Board, who himself spent some months in England early this year. He writes: 
“The role of the American industry’s service representatives in England and in 
other combat areas is of enormous importance in getting the American equipment 
into effective service, and so to the general success of the war effort. Even the 
best of aircraft and the best of operating organizations will benefit by being 
properly introduced to one another; and it is immensely helpful to have new 
types accompanied or preceded to the war area by properly qualified factory 
representatives, acquainted not only with the details of design, construction and 
maintenance requirements, but with the tests undergone and the operating 
experience acquired in the United States. It is not easy to spare men of the 
right stamp from the factories, hard-pressed as they are by the problems of 
production; but no one could have spent any time in England in recent months 
without feeling the importance of assigning such men as Mr. Fornoff (of whose 
services I have heard very flattering report from England) to stations in Britain. 
There have been a number of such men, representing a number of companies; 
but during my own time in England the supply seemed always to fall well short 


W HEN in the early fall of this year 
Airacobras began reaching their 
fighting stations in Britain our service 
men had long been planning, planning 
against every conceivable eventuality 
which might prevent these planes from 
rendering the maximum service for 
which they were so painstakingly" de- 
signed and built. 

On the basis of subsequent experience, 
the organization of service and main- 
tenance abroad has resolved itself into 
eight major phases; 

1. Preliminary preparations here. 

2. Establishment of erection base 

3. Flight testing after assembly. 

4. Inspection to determine operational 
fitness as of that date. 

5. Preparations for modifications to 
make plane operational. 

6. Day-to-day task of keeping planes 
in service operational. 

7, Provision of trained personnel for 
instruction in actual overhaul and re- 

8. Coordination with “sister” firms 
abroad. 

Tho Expeditionary Force 

Although on an infinitely smaller 
scale, we nevertheless planned our Brit- 
ish expedition with a thoroughness that 
would have done credit to Hitler's own 
Blitzkrieg commanders. Drilled into 
each man was the resolution that noth- 


to assist me in supervising service and 
instructing British mechanics in main- 
tenance of our airplanes. At the out- 
set, a number of complete servicing kits 
were assembled. They were sent by 
different routes at different times to 
insure the safe arrival of at least one 
in spite of possible mishaps, and a mas- 
ter reference set remained in the United 
States. 

Each kit contained a complete set of 
tools necessary to perform any repairs, 
complete sets of blueprints and draw- 
ings and all operating and service man- 
uals. Each man was advised that he 
need not be financially responsible for 
any tools left in England, for it was 
felt that to leave these tools wherever 
a need existed was far more valuable to 
us than the cost of replacement. In 
the case of large or special fools which 
were to be supplied under contract or 
by the customer, complete blueprints 
were included so they might be dupli- 
cated in an emergency. 

Two. As soon as the erection base 
was selected, our men went to work 
setting up assembly lines patterned on 
those of the home plants. We arranged 
for the procurement and training of 



local labor. We endeavored to train 
these workers to perform a few opera- 
tions efficiently at a single station in 
order to train our crews in the shortest 
possible time. Dollies, workstands, 
hoists, all had to be in readiness. 

Three. As the aircraft were assem- 
bled, utmost care had to be exercised 
to see that each airplane was in perfect 
shape to deliver a safe and satisfactory 
performance. Particularly in view of 
the many handicaping circumstances 
was it necessary to conduct the most 
rigid inspection of each plane and its 
equipment before okaying it for flight. 

Four. Following the completion of 
successful flight testing, operational 
groups inspect the plane to determine 
what modifications need to be made in 
design or equipment to bring the orig- 
inal model up to date in accordance 
with operational requirements as of that 
time. Under wartime conditions im- 
provements are developed and applied 
with surprising rapidity and certain 

which are rarely foreseen prior to actual 
combat operations. With respect to the 
Airacobras, only minor changes were 
found to be necessary. 

For example, the antenna location 
might be satisfactory for normal opera- 
tions, but might constitute a real hazard 
to a weary fighter pilot jumping out of 
his cockpit in absolute darkness. It 
must be moved to avoid any possibility 
of injury to the pilot. Ammunition 
boxes, oil tanks, refueling points, pres- 
tone tank, all must be easy of access 
and simple to find and service in dark- 
ness and under all weather conditions. 
Guns must be so installed that they can 
be pulled out and replaced in a matter 
of minutes. All such modifications must 
be made before the plane can be accepted 
for combat duties. 

Five. Not only must the modifica- 
tions be made on the aircraft already 
completed and those under assembly, 
but preparations must be made to see 
that these changes are accomplished 
with a minimum loss of time on all 
planes in process of manufacture and 

Six. Once the planes are made op- 
erational and placed in active service, 
there begins the long steady grind of 
keeping each one serviceable, day in 
and day out, under all weather condi- 
tions, no matter where it might be. 
This cannot always be accomplished 
by merely following the letter of a legal 
contract. It requires compliance with 
the spirit of a contract of good intent 
which transcends ordinary concepts of 
servicing obligations. 

In this connection, I have never for- 
gotten the attitude of one of my earliest 
employers. He was in the automobile 
business. “Service,” he told me, “is 
nothing more than being pleasant to 


the customer to keep him satisfied. If 
a recent buyer comes back and wants 
you to look over his car, just stand 
on the running board and look over the 
top; technically, you will have fulfilled 
your obligation.” 

My deep personal conviction ever 
since has been that he confused “look- 
ing over” with “overlooking.” He 



First three engineers to go to England ior 
Bel!: left to right: Robert Clydesdale. Arthur 
Fornoff. Kenneth Frey. 


overlooked the important thing. You 
can’t keep a customer sold throughout 
the years by such tactics. So, our 
service men are not likely to quibble 
over the line where their responsibility 
ends and some one else’s begins, nor 
do they wait to “let George do it" or 
haggle over items of expense. Nothing 
short of an act of God or man-made 
catastrophe of major proportions will 
deter them from procuring spares or 
tools, effectuating repairs or whatever 
else is necessary to keep their ships 
flying. To this end, they are given all 
cooperation and encouragement possible 
by the remainder of our organization. 

Seven. Since, obviously, a Bell Air- 
craft service man could not always be 
available as the numbers of Airacobras 
in service swelled rapidly, we exercised 
the utmost care in the selection of men 


to serve as instructors to British as- 
sembly workers and service teams. Four 
specialists were chosen on the basis 
of their experience and the ability to 
impart their knowledge to others. They 
comprised a structures and stress en- 
gineer, a man who knew all the answers 
on assembly and production, an instruc- 
tor on repair and overhaul, and an elec- 
trical engineer who was thoroughly 
familiar with all accessories and equip- 

The whole problem of adequate main- 
tenance of American equipment abroad 
has been aided greatly by the British 
decision to send “service teams” to 
America to be thoroughly schooled by 
various manufacturers in the repair 
and maintenance of their own types of 

Eight. For the various American 
manufacturers supplying planes to the 
British, “sister” firms have been ap- 
pointed among Britain's aeronautical 
producers who are responsible for the 
assembly, overhaul and repair of a spe- 
cific American product. Naturally, the 
fullest cooperation and mutual assist- 
ance between the “sister” firms of the 
two nations is essential. The Ameri- 
can manufacturers can make a large 
contribution by seeing to it that their 
sister firms are provided with the most 
complete information possible. They 
should be sent operation manuals, stand- 
ards books, all blueprints, complete 
stress analyses. The American pro- 
ducer also should see to it that the 
British concern receives promptly the 
same complete information on all ac- 
cessories and every bit of equipment on 
the airplane, no matter where the origin 
of supply. 

The Broader Concept ot Service 

“Sales and service" has become a 
common phrase in modern industry. 
But service all too often is just an 
(Turn to Page 1SS) 


AVIATION. December. 



Maintenance on the Move 


The Air Corps has new equipment and methods for servicing combat planes in the field. 


M aintenance in modem war 

has by necessity been designed to 
keep pace with the rapid offensive tac- 
tics of the air forces. There was a 
time when large fixed depots with out- 
lying semi-fixed sub-depots could main- 
tain and supply tactical squadrons. 
From these the squadrons were serv- 
iced in order to remain operating and 
clear the ground ahead of the rela- 
tively slowly moving troops. But with 
mechanization these troops moved 
faster, and so did the air force and now 
so does the air force's maintenance. 




Exterior o 1 portable machine shop of the 
4th Air Depot Group, as used in Southern 



A portion of the mobile equip- 
ment just before it left Patterson 



The latest development in this race 
to keep abreast of the fighting units of 
the Army Air Corps is the Mobile Air 
Depot Groups — a mobile repair and 
supply unit designed to “roll along” be- 
hind the advancing front lines. It 
holds a unique place in the gigantic or- 
ganization of the Air Service Command 
in that it functions in the theatre of op- 
erations, doing all but completely re- 
build an airplane within shell fire of the 
enemy. Its purpose is to be a connect- 
ing link between the zone of combat 
and the zone of the interior. 



The Air Depot Group is organized 
to install and then be prepared in a 
period of ten days, if necessary, to 
transport itself, or to be transported, 
to the next designated point of op- 
eration. In tactical situations where 
the advance is so rapid that even this 
period is too long, the units are "leap 
frogged” so that as one unit is being 
used another is in readiness in reserve 
to move ahead. While this is taking 
place the unit just operating is packed 
up and held in reserve to make a simi- 
lar move. Thus with this speed main- 
tenance is assured in any eventuality. 

In combat the unit is able to per- 
form all of the necessary maintenance 
work to meet the existing situation. It 
is responsible for supplying and re- 
pairing all of the aircraft that it is 
servicing as well as salvage parts from 
crashes. To do this a very flexible or- 
ganization has been built around the 
necessary fundamentals in order to have 


equipment available under any circum- 
stances. If tropical jungles are to be 
encountered it is obvious that the re- 
quirements are not the same as for far 
northern climates. However the ma- 
chines for repairing and maintaining 
the planes are present for outfits serving 
in either location. 

In addition to the supply of materials 
for the combat units the Air Depot 
Groups also supply the personnel re- 
quired for operation. In case a plane 
and crew is lost by one of the squadrons, 
for instance, the officer in charge noti- 
fies the Air Depot Group of the per- 
sonnel needed to fill the vacancy and 
the orders for the replacement are is- 
sued immediately. To keep a reserve 
pool available, officers and enlisted men 
are assigned to these depot groups and 
ordered to wait there for further orders 
assigning them to a combat unit. 

These units serve four tactical 
groups including bombardment, pursuit, 
( Turn to page 166) 








night flight. Mechanics work steadily night 



Men On The Ground 


Maintenance men of the Air Corps are doing a vitally important job 
at every training and tactical field in the country. Work at Hamilton 
Field, California, is representative of that done at most of the larger 
pursuit fields where Base Engineering Officers are stationed. 



This double dolly speeds propeller changes. The unit taken oil the ship is swung on the 
shaft at the right, by means of an overhead chain hoist. The propeller now on the dolly 
is then put on the ship. The dolly has three rubber-tired wheels, can bo pushed by men 
or towod by a tractor. Propeller tools are kept in the cabinet forming body of dolly. 

Officio/ U. 5. Air Corps photos by 4Sth Air Bose Photo Zcztion. 


O NLY a pilot appreciates good main- 
tenance work. As he pursues his 
mission over rough mountains and tur- 
bulent seas he must know that his en- 
gine and plane will not force him down. 
Although it nestles in a sunny Cali- 
fornia valley, Hamilton Field is sur- 
rounded by treacherous mountain peaks 
and often by fog-filled valleys. Pilots 
of the 20th and 35th Pursuit Groups, 
who fly from this advanced tactical 
base, have learned to put confidence in 
their partners on the ground who work 
around the clock to keep the P-40's 

The combat ships at Hamilton Field 
must always be ready. One month, 
with only an hour's notice, ships, pilots 
and mechanics are whisked off to a 
temporary field somewhere in the moun- 
tains, from which they must carry on 
all operations. Another month the 
squadrons move to war games in the 
South or off to maneuvers elsewhere, 
a thousand miles or more from their 
base. The maintenance men must make 
sure that planes are always ready. 

Photographs on these two pages show 
a few of the many jobs mechanics do 
at Hamilton Field. All pictures were 
taken for Aviation by the Photo Sec- 
tion of the 45th Air Base Group of the 
U. S. Army Air Corps. 
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at Hamilton Field 








Corpus Christi 

At its new Air Station in Texas the Navy has built 
a great, sprawling city of barracks, hangars and 
flying fields. In these two pages of photographs 
are shown some of the maintenance activities 
that keep Navy airplanes flying. 







ward who- knows -what fine and 
useful life in years to come. 

Simple things, aren’t they, these 
things that spell America and add 
up to freedom! 

So simple, so wholesome, it seems 
daft that somewhere bombs scream 
down to blast them, tanks lunge 
to crush them, bullets llv to 
drive from the minds of men the 
idea that these are their rights, 
inalienable. 

But the bombs do fall, the tanks 
do roll, the bullets do fly— and in 
such a world our only shield seems 
to be more bombs of our own with 
bombers to carry them, more tanks 
and the cannon to arm them, 
more bullets and faster guns to fire 

So it is that from Goodyear facto- 
ries meant for building things to 
enlarge life and make it better, 
f must flow in a swelling tide 
the things our country needs if 
we are to hold what 


Skills and facilities developed that 
a peaceful world might have better 
tires, floor coverings, soles and 
heels, transmission belts and a 
thousand like useful things, now 
focus on the making of barrage 
balloons, bomber wings and tails, 
bullet-puncture-sealing inner 
tubes and fuel tanks, gas masks, 
rubber tank track treads and a 
host of other Goodyear-made de- 
fense products. 

This is no choice of ours — like 
yourself, we would far rather 
spend our days making this a land 
where life can he richer, liberty 
enjoyed, where the pursuit of 
happiness can go steadily on. 

But when the decision lies between 
helping our government prepare 
for impregnable defense of such 
things, or running the risk of 
having them swept away, there is 
no option and we feel as we know 


going to school when he must — 
and out of it all somehow shaping 
a future to a good pattern. 

There is the right of a small child 
to its chance for health and love 
and laughter, to a good start to- 
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eep 'em flying 


T here is the right of a man to 
stand on his own two feet, and 
with his own hands and talents 
carve out a place for himself and 
his family. 

There is the right of a woman to 
look hopefully ahead, to raise up 
her brood in dignity and self-re- 


speet. undictated to save by herown 
mother-wisdom and conscience. 

There is the right of a boy to lead 
the hale, free life of hoys, flying 
kites when the wind blows, playing 
cops and robbers when he wants, 



British Service Teams 
Study American Aircraft 

Our aviation industry is engaged in a cooperative program 
with the British to improve handling of American flying 
equipment abroad — lease-lend program for small tools urged. 


O FFICIALS of the British Air 
Commission acknowledged that a 
plan is already in operation which is 
designed to improve the maintenance 
and servicing of American flying equip- 
ment abroad. 

Service teams of Royal Air Force 
enlisted mechanics are being trained in 
the assembly, repair and servicing of 
American equipment at various plants 
throughout the United States where air- 
frames, engines, instruments and other 
accessories are in production for the 

Each service team normally comprises 
six men, non-commissioned officers 
already highly trained and fully quali- 
fied in the R.A.F., one metal rigger 
(aircraft mechanic) ; two engine fitters 
(aircraft engine mechanics) ; one in- 
strument maker; one electrician; one 
armorer. The team assigned to a par- 
ticular type goes to the factory produc- 
ing that type. They obtain living quar- 


ters in the vicinity and remain as long 
as is necessary to master their subject. 

The metal rigger spends his time at 
the scene of fabrication and assembly, 
obtaining all the knowledge he can re- 
garding the airframe assembly and all 
of its components. The two engine 
fitters study the method of mounting the 
powerplant, the location of engine ac- 
cessories, features of installation, proper 
ways of servicing, checking, replacing 
minor parts and so on, then they go to 
the factory of the engine manufacturer. 
There they study the design and con- 
struction of the engine, as well as major 
repairs, overhauls and inspections. 
Wherever necessary they also travel to 
the plants of the suppliers of engine 
parts and accessories so that they will 
be completely informed on everything 
relating to the powerplant. 

The instrument maker and electrician 
follow somewhat the same procedure. 
After familiarizing themselves with all 


the instruments and electrical equipment 
as installed in the completed aircraft, 
they visit in turn each of the manufac- 
turers supplying such equipment to be 
instructed in the design, construction 
and repair of every part. 

The armorer is concerned with the 
installation of armor plate, bomb racks, 
turrets, guns, ammunition boxes. His 
job, though as fully important as the 
others, usually does not require as much 
time. Therefore, there is not at present 
an armorer member of each team. 

By early November, teams were hard 
at work with Lockheed Aircraft, North 
American Aviation, Glenn L. Martin 
Co. and Curtiss-Wright Airplane Divi- 
sion. Additional teams are being sent 
to plants of other manufacturers as 
rapidly as qualified men can be selected 
and transported to the United States. 

In spite of the sizeable handicaps un- 
der which these men are working, it is 
noteworthy that all reports from the 
firms training the teams thus far have 
been enthusiastic over the spirit of these 
R.A.F. men, who are reported to spend 
12 hours a day regularly at their job. 
They do not have unlimited funds at 
their disposal, and quarters are usually 
difficult to find in the neighborhood of 
our big aircraft plants, but with the 
cooperation of the firms and other 
assisting agencies most have been made 
fairly comfortable now. 

The instrument men, particularly, 
have to travel great distances between 
their assignments and all of the men 
have to maintain an orderly accumula- 
tion of data in addition to their prac- 
tical experience so that they may in- 
struct others upon their return. The 
men in these teams are volunteers from 
service squadrons who have had long 
years of experience. They evidently 
have been selected with a great deal of 
care, to the end that they may not only 
absorb as much knowledge as possible 
here but can also impart their knowledge 
of American flying equipment to the 
combat squadrons concerned. 

The project outlined is directed to- 
( Turn to page 182) 
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Just as the frontiers of America grew beneath the flying hooves of the mustangs, 
so today’s frontiers of freedom are guarded by North American Mustangs — swift 
pursuits named for the hardy strain of American wild ponies. 

These fleet, agile fighters, in active service with the RAF, are helping Britain 
attain complete supremacy in the air. 

CURTISS - WRIGHT CORPORATION • 'Z?*ls&U<7>z . CALDWELL, NEW IEISET 



Frontiers of Freedom 
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T?T America’s traditions of freedom and democracy are today 
backed up by armed forces on land, on sea, and in the air. 

Designed, perfected and fabricated in Breeze laboratories 
and factories, such developments as Radio Ignition Shielding, 
Flexible Conduit and Fittings, Multiple Electrical Connectors, 
Tie Rods, Armor Plate and Cartridge Engine Starters are 
among the many Breeze products to be found performing 
dependably in all three elements. 

With four plants in operation, Breeze continues to play its 
part in today’s tremendously increased defense program. 



Light Plane Maintenance 


Lessons about light plane maintenance that 
have been learned through the C.P.T. Program. 

By Donald C, Dobbyn, Chief, Maintenance Section 
Civilian Pilot Training, C.A.A. 


A FEW years ago, when an airplane 
was purchased, for either com- 
mercial use or pleasure, little thought 
was given to maintenance until the air- 
plane had been in service for at least 
a year. The need for replacements and 
overhauls was then brought to the 
owner's attention with painful clarity, 
and gradually a consciousness devel- 
oped that airplane design, operation, 
and maintenance are as closely allied as 
the “Three Musketeers.” The lessons 
gained from those days, and the in- 
crease in the amount of flying during 
the last two years have resulted in many 
changes pertaining to these three mus- 
keteers— design, operation, and main- 

Thc national defense emergency, 
which necessitates the large volume of 
pilot training being performed by the 
Civilian Pilot Training Program of the 
Civil Aeronautics Administration, puts 
flying time on airplanes at a rate many 
times more rapid than previously. In 
order to keep these airplanes going, in 
this essential training program, it is 
necessary to pay much attention to 
maintenance. In view of the more con- 
centrated use of airplanes now, with 
the attendant increase in required atten- 
tion to maintenance replacements and 
overhauls, the impression might develop 
that there has been little improvement 
in the maintenance needs of the present- 


day airplane over the older models. 
However, a comparison of maintenance 
repair costs per flight hour readily re- 
veals the improvement that has been 
made in all three musketeers — design, 
operation, and maintenance. 

The manufacturer of an airplane must 
furnish a product which operates satis- 
factorily under the widest possible va- 
riety of conditions. Some of his air- 
planes will be operating from industry, 
sandy airports which rapidly wear 
engines and bearing surfaces. This 
condition indicates the value of such 
things as hinges with replaceable bush- 
ings or dust-proof ball bearings. Other 
airports are located where extremes of 
temperature arc encountered, and cold 
engine operation is the rule. Our sec- 
ond musketeer, operation, is important 
here because engine wear must be pre- 
vented by avoidance of over-priming 
and care to warm up the engine, with 
external heating devices when neces- 
sary, before flight. Some of the manu- 
facturer’s airplanes will be operating 
from fields located 1J miles above sea 
level where air is thin and engine pow- 
ers are low, but where temperatures 
go to the two extremes. Many of his 
airplanes arc used on rough auxiliary 
fields, which operation calls for sturdy 
construction and a frequent check-up 
on rigging. This sturdy construction, 
to take care of the rough auxiliary 


fields, must not result in too much 
weight which would be unnecessary on 
smoother fields. 

The manufacturer must learn of all 
these difficult conditions and must in- 
corporate in his airplane satisfactory 
means of surmounting them at a rea- 
sonable cost to the ultimate user. Much 
of this information he gains in the 
experimental laboratories and shops of 
his factories, but most of it must come 
from the field. Of course, over the 
past years, manufacturers were able to 
keep in fairly close touch with their 
relatively few customers, and front 
them they gained considerable volume 
of information and misinformation. The 
latter because the owner and operator 
of the airplane was not necessarily 
schooled in engineering or mechanics. 

The present large volume of Govern- 
ment contracted and Government con- 
trolled flight training immediately 
made plain the necessity for overseeing 
the maintenance and operation of train- 
ing aircraft in order to assure contin- 
ued usefulness, at reasonable cost, of 
each piece of training equipment. In 
the Civilian Pilot Training Program a 
nation-wide network of maintenance 
supervisors has been stationed in the 
seven regions into which the country 
is divided. Each supervisor is respon- 
sible for the continued satisfactory 
operation of approximately 60 airplanes 
operated by some 12 flight contractors. 
These supervisors were selected because 
of their knowledge and qualifications as 
mechanics, and the eligibility require- 
ments they have met are high; suffi- 
ciently high that we may put full cre- 
dence upon the statements regarding 
mechanical conditions which they send 
in from their districts. These state- 
ments which accumulate in Washington 
(.Turn to page 216) 
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Airworthy 


M ANY airport visitors who enjoy watching 
the big transport planes "take off” may 
not be aware of the interesting story of service 
and maintenance behind each liner which rolls 
up to the runway ready for flight. 

Before the Inspector certifies a transport as 
"airworthy” in accordance with Civil Aeronau- 
tics Board and airline regulations, the ship has 
been through the most rigid inspection. Every 
inch has been gone over by master aircraft 
mechanics. Controls, landing gear, instruments, 
radio installation and motors have been 
tested by specialists and rechecked by 
inspectors. 

Preparing an airliner for a flight is 
today a highly organized, systematic job. 
American Airlines, at the New York ter- 





minal alone, employ approximately 1000 men 
in the maintenance of transports. In the shops, 
motors are taken down, rebuilt, tested under 
elaborate controls. Engineering advances are 
continuously being built into the planes, and 
passenger ships actually grow better in use. 

"The inherent utility and public service of 
air transportation,” says President C. R. Smith 
of American Airlines, "creates increasing de- 
mand which will continue to call for larger, 
faster planes. Maintenance will become more 
and more exacting, will require constantly 
greater skill. It is a vocation for ambitious, 
intelligent men who have a background 
of sound technical training.” 

For such men, the future is bright in 
aviation. 


-c -s. 




COMPLETE TECHNICAL COURSES IN AERONAUTICS 


Servicing Canadian Kinners 


By Charles Sander, 

Chief Engineer 
Kinner Motors, Incorporated 



To gel lo the hangar at the Windsor Mills. 



W HEN the war broke out the Can- 
adian Royal Air Force numbered 
3000 men, fliers and ground crew cont- 

that figure and still expanding at a 
prodigious rate. 

The accomplishment is one of the 
great sagas of the war. Starting from 
scratch all along the line, with green 
hands and with time and the elements 
against them, seldom have men tri- 

Canada was primarily an agricultural 
nation and had^ no great supply of rne- 

Men who literally had never seen air- 
planes and stood in awe of them were 

and trained as aircraft mechanics. 

With time at a premium there was 
no opportunity for research or careful 
investigation. So Canada had to cut 
and try — with green hands with unfa- 
miliar equipment— as it went along. 

There were many mistakes and it was 
tough going for a while, but from it has 

This article deals with the mainte- 
nance of the Kinner engines that power 
the Fleet Finch II primary trainers 



out under the British Commonwealth 
Air Training Scheme. 

An unusual operation record is being 
written with the hundreds of Kinner en- 
gines employed in Canada. In the first 
place, Canada has demonstrated, and it 
is now an official order, that all Kinners 
operate a minimum of 640 hours between 
overhauls, instead of the customary 480- 
hour period. 

In effect, this 160-hour boost, which 
amounts to a 33 percent minimum in- 
crease, gives Canada an extra Kinner 
engine for every three in service. Can- 
ada has set no limit on the maximum 
time between overhauls. This is subject 
only to the discretion of the local en- 
gineer. 

Canada has built up this efficient 
record through a long and arduous de- 
velopment and educational program. A 
new conception of the operation of air- 
craft engines under severe winter con- 

well-trained personnel, capable of avoid- 
ing well meaning but harmful mistakes. 


Many experimental cowlings, how- 
ever, were tried by Fleet Aircraft, Ltd., 
in early installations of Kinner engines. 
One included five hoods that extended 
to the top of each cylinder head. Each 
hood had a door that could be opened 
and closed from the cockpit, with which 
the pilot could control the temperature 
of the engine. 

let all of the air flow around one side 
of the cylinder only, resulting in uneven 
expansion, with consequent operating 

the correction of these difficulties the 
Kinner service staff worked in close co- 
operation with the engineering branch 
of the RCAF and with Fleet. 

It was fouh'd that any 'unnatural 
( Turn to page 194) 




More Flying Per Day 
For Airline Planes 


Maintenance men are contributing greatly to national defense 
because they are making it possible to get more intensive use of 
airplanes than ever before in history. Airlines have fewer planes 
than are actually needed, but maintenance crews have speeded 
up their methods and by working around the clock are keeping 
air transports flying steadily throughout the country. Never be- 
fore has airline maintenance been more important. 






w//te essential 
margin of superiority 
that ivins a war is nec- 
essarily the sum total 
of many component 
parts. 


Value of the precise work- 
manship, long experience 
and unstinted care which 
the men of OHIO Seamless 
concentrate on the produc- 
tion of OHIO Quality Seam- 
less Aircraft Tubing is best 
judged by performance of 
American built ships as 
they deliver their bomb 
loads - straight to the target. 

Photo h, toortoi, of DOUGLAS AIR- 
CRAFT COMPANY, INC., SBD D,n 
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Mass Maintenance Methods 


With 598 men servicing over 256- airplanes, this 
story of Chiei Kidder's shops is especially noteworthy. 

By Charles “Chief” Kidder, Service Manager and Superintendent, 
Grand Central Air Terminal Engineering Officer, Cat-Aero Academy 



greater volume of training planes which 
have been built to date, the intensive 
operation to which they have been sub- 
jected, and the abuse which has been 
handed to them by our embryo pilots. 

Our organization maintains a total of 
256 military planes, including spare en- 
gines, plus a heavy volume of commer- 
cial maintenance work. It is our job to 
maintain all the flying equipment oper- 
ated by the several schools directed by 
Major C. C. Moseley, including the 
Cal-Aero Academy, Polaris Flight Acad- 
emy, Mira Loma Flight Academy, and 
the commercial and Army business of 
Aircraft Industries Corp. We maintain 
more airplanes than any one commercial 
airline in the world. Including service 
crews at our four major operations cen- 
ters we have a total of 598 men actively 
engaged in service and maintenance 
work. Of this number 46 men are as- 
signed to strictly commercial mainte- 
nance work. Our operations are centered 
in two shops having a total floor area 
of about 25,000 sq. ft. and equipped with 
every tool and machine needed to do 
work to meet factory standards. We 
operate as a fully approved CAA Re- 
pair Station and must do all military 
work to meet military specifications and 
technical orders. 

(Turn to page 176) 


W ITH every aircraft, aircraft en- 
gine, and aircraft accessory factory 
in the country straining to expand pro- 
duction to new records it is growing 
apparent that the biggest headache in 
the whole aviation industry before. long 
will be the mass maintenance of all this 
equipment. This maintenance problem 
has developed first in the field of mili- 
tary pilot training and from this expe- 
rience of servicing and maintaining 
trainers we can learn a great many les- 
sons of value to all branches of 
maintenance work. The heavy end of 
the maintenance load fell on the train- 
ing program because of the relatively 





Hall eccentric cylinder grinding machine al loll, and cylinder bench. 




The Northrop "All -Wing" 


By John K. Northrop, President,' Northrop Aircraft, Inc. 


much to say that this new family of air- 
planes, adaptable to almost all types of 

profound influence on all airplane design 
and on accepted performance standards. 

The idea back of the designer's dream 
of an ''all-wing" airplane is as old as 
bird flight itself. Birds in flight, and 
especially soaring birds, present a body 
in which non-lifting elements are sup- 
pressed to a high degree. It has been 
the goal of airplane designers to pro- 
duce a plane in which every part ex- 

to the lift of the machine in return for 
the drag caused. This effort has pro- 
duced the cantilever monoplane, now 
almost universally accepted as a wing 
system of superior elficiency. And 


Airplane 


coupled with the development of the 
cantilever monoplane has been the per- 
fection of the retractable landing gear 
in an effort to reduce waste drag. But 
we have still been faced with the prob- 

stabilizing surfaces, and engine nacelles. 
Experiments have been under way 
looking towards the elimination of 

completely inside the wing. But the 
only hope for elimination of fuselage 
and tail drag has been to somehow 
“swallow” them into the wing. 

Modern designers, including the 
writer, can claim no monopoly on the' 
"flying wing” idea. Lippisch, in Ger- 
many, and Hill, in England, arc among 
the designers who have built successful 
tailless planes. Even the first Wright 
biplane must be considered in this cate- 
gory in spite of its multiplicity of struts 
and wires, for it had no fuselage, car- 
ried the powerplant and pilot directly 
on the wing system, and was controlled 
longitudinally by a front elevator which 
was in fact a lifting wing surface. 

But in all such craft developed in the 
past there has been a certain amount 
of parasite drag resulting from exposed 

advantage was not taken of the flying 
wing principle. In the latest Northrop 
design there is no fuselage and no use 
of external fins, rudders or other aux- 
(Turn to page 184) 







FOR MILITARY 
AND COMMERCIAL 
AIRCRAFT 


U-S-S Carilloy Alloy Aircraft Quality Steels 
for use in airplane parts, engines and acces- 
sories not only are manufactured with spe- 
cial care, but such steels are put through 
a gauntlet of exhaustive tests and inspec- 
tions that assure theircompliance with your 

specifications for aircraft construction. 

To safeguard the making, shaping and 
processing of "Aircraft Quality' steels and 
to ensure their successful application, we 
supplement the patient work of compe- 


tent metallurgists and steel makers with 
adequate and expanding production facili- 
ties and capacities and with unexcelled re- 
search and technical equipment. 

Ourmany years’ experience in producing 
fine alloy steels for the Automotive, Im- 
plement, Petroleum and other vital indus- 
tries is evidence of our ability to produce 
Aircraft Quality Steels that will assure 
consistently economical fabrication and 
dependable performance. 


U S S CARILLOY ALLOY STEELS 


LINOIS STEEL CORPORATION 

Pittsburgh and Chicago 


'Teamwork For Produrtion 


By Robert Monroe, Director of Purchasing, North American Aviation, Inc. 



warfare. It is the sharp point which 
drives to the vitals of enemy resistance 
and opens a way for older and slower 
methods of combat. Air power is the 
vital factor in our formula for victory 
and so we must produce airplanes at a 
speed never before thought possible. 

If this miraculous feat is to be per- 
formed it will be achieved only through 
the miracle of teamwork which will 
make it possible for the aviation in- 
dustry of this country, in cooperation 
with government and with other indus- 
tries, to make use of existing tools, 


disadvantages, not all of them obvious. 
To overcome these difficulties we must 
rely on the miracle factor in our 
formula, the human element of team- 
work and cooperation with each other 
in order to achieve a common, supreme 
purpose. 

Immediate expansion of production 
is the major advantage of sub-contract- 
ing. Theoretically it is possible to allo- 
cate almost half of the work of building 
an airplane to plants which have previ- 
ously been engaged in other work. Thus 
we would simply send production blue- 
prints and specifications, along with a 
contract specifying the number of parts 
required, date delivery is required, and 
amount we will pay for the work, to a 
factory which was not too busy with 
other work to undertake our parts order. 
This might be a manufacturer of auto- 
mobiles, refrigerators, or radios. It 
might be an independent machine shop, 
an accessory manufacturer or a toy 
maker. The theory of marshalling hun- 
dreds of such shops into an army of 
aircraft parts producers is an attractive 
one. It is easy to picture an overnight 
throughout the industrial life of expansion of the aircraft production 
effort. Our imagination leaps to the 
possibility of a great host of such plants 
feeding in parts and assemblies to a few 
central aircraft assembly centers out of 
which roll the completed planes for our 
military services. 


new factories, the construction of new 
machine tools, and the training of new 
men. One formula for such a coopera- 
tive effort is sub-contracting. By break- 
ing down the complete airplane into 
the maximum number of component 
parts and items of equipment, we are 
able to spread the manufacture of such 

the < 

But sub-contracting has two sides. 
There are obvious advantages to the 
scheme of spreading our production 
problem, and there are some serious 
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as being of paramount importance in 
securing immediate stimulation of our 
production effort. 

But like every good thing in life, 
this sub-contracting scheme is not to be 
successfully accomplished by over-night, 
spur-of-the-moment action. We have 
succeeded to date because we have pro- 
ceeded step by step, through a process 
of trial and error education, and with 
the close cooperation of everyone con- 
cerned. There have been many major 
problems to face. It is not at all easy 
to find plants that are capable of mak- 
ing aircraft parts to the required pre- 
cision standards. Even the materials 
used in airplane manufacture, such as 
magnesium and aluminum alloys, arc 
strange to most available shops. So 
we have had to conduct a very thorough 
program of investigation of all prospec- 
tive sub-contract plants. We have had 
to study financial and labor background 
as well as the physical shop facilities 
and the availability of trained crafts- 
men. We have to allow for the possi- 
bility that a sub-contracting plant might 
experience financial failure while in the 
midst of executing an important con- 
tract. And it is possible that some labor 
trouble in a small plant, remote from 
our assembly lines, would rob us of 
important parts at a critical time. So 
we must do an intelligent job of “quali- 
fying" all firms who enter into our sub- 
contract team. And once associated to- 
gether in the production effort, we have 
to seek the utmost cooperation with all 
such plants in order that our flow of 
parts may be efficient and uninterrupted. 

Following selection of a sub-contrac- 
tor we have many mutual problems. 
His employees must be trained to un- 
derstand all the special problems of 
producing parts for us. This involves 
tooling, jigs and fixtures, inspection, 
etc., and is in itself an important and 
time-consuming operation. 

As we shift the production of parts 
and assemblies to sub-contractors we 
face a major problem in providing a 
sufficient stock of such parts to keep 

(T urn to page 96) 
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'B-25” BOMBER 
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PRECISION BEARINGS 



NORMA-HOFFMANN BEARINGS CORPORATION 
congratulates North American Aviation, Inc. upon 
its noteworthy achievements — in which NORMA- 
HOFFMANN has been privileged and honored to 
participate by supplying PRECISION BEARINGS 
for the controls of the various North American 

NORMA-HOFFMANN pledges its utmost continuing 
effort to the emergency defense activities of North 
American Aviation, Inc. and of the entire aircraft 
industry. 

As pioneers, identified with the aircraft industry 
since its earliest days, NORMA-HOFFMANN takes 
pride in the fact that practically every representative 
American builder of aircraft, engines, instruments 
and aviation equipment (including the U. S. Gov- 
ernment) employs NORMA-HOFFMANN PRECISION 
BEARINGS. This extensive use in the aircraft field is 
recognition of their excellence of design, materials and 
craftsmanship, and of their unfailing dependability. 


NORMA-HOFFMANN BEARINGS CORP’N., STAMFORD, CONN., U.S.A. • FOUNDED 1911 


A I 




As North American patriotically points out, in Aviation 

will bring Victory. ADEL DESIGN SIMPLICITY assures 
between ADEL Technicians and Engineers thruout the Industry — 
in expediting production coordination — /&mn W thru 
simplified field servicing and maintenance— thru consistent 

and dependable operation from the Arctics to the Tropics. 




ADEL manufactures over 3,000 sizes and types of line supports, hy- 
draulic control valves and general hydraulic units, anti-icing pumps 
and controls, synthetic rubber products, allied aircraft proprietaries. 

PRECISION PRODUCTS CORP. 

10777 VAN OWEN STREET, BURBANK, CALIFORNIA 

EASTERN SALES ENGINEER ■ J. HENRY REISNER - HAGERSTOWN, MD. 








NORTH AMERICAN AVIATION. INC. 

DALLAS, TEXAS * INGLEWOOD, CALIF. ★ KANSAS CITY 
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BUILD 


WITH 


TEAMWORK 




/. 

1 j MERIC A GEARS FOR WAR! A nation of 

free men, dedicated to peaceful progress, now creates 
the Arsenal for Democracy and builds ih abundance the 
weapons for its own defence. Teamwork is the key to 
this great effort as factories, forges and shops throughout 
the nation have been geared to the mass production of 
parts, materials and sub-assemblies for North American 
military airplanes, turned out in ever greater volume 
at Irfglewood„Calif., Dallas and soon at Kansas City. 


* TO BUILD WITH TEAMWORK IS 





AIRESEARCH TODAY GRAPHS THE FLIGHT PICTURE OF TOMORROW 

High into the rorified air of the Stratosphere will go the military planes, 
passenger transports and cargo carriers of the future. Airesearch engineers 
are constantly working with "high altitude" air created in their laboratory, 
contributing their knowledge to new applications and designs. We welcome 
| the opportunity to assist in your development and production problems. 

Airesearch Manufacturing Co. 

Los Angeles Municipal Airport, Sepulveda Blvd., a I Century, Inglewood, California 

ERS INTERCOOLERS CABIN PRESSURE CONTROL SYSTEMS 
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ELECTRONIC 

BLACK MOSai* 

NoaHi American £-3.5 


® The hard-hitting, versatile North American B-25 medium bomber, 
that can ably double in the role of twin-engined fighter, is equipped 
with Electronic Invisible Ultra-Violet (Black Light) instrument illu- 
mination ... as are all other new planes for the U. S. Army Air Corps, 
U. S. Navy, Royal Air Forces of Great Britain, Netherlands East 
Indies, and others. 

Electronic "Black Light” gives dayliglit instrument visibility at 
niglit . . . without glare or objectionable contrast between inside and 
outside of pilot’s compartment. Thus, Electronic guards against eye 
fatigue . . . helps keep pilot efficiency high! The Type X-205 Lamp 
in the B-25 weighs only 7/10 of a pound and operates on but 6 watts 
. . . with a minimum of maintenance during its long service life. 

Electronic "Black Light" is just another example of the way Elec- 
tronic is solving electrical engineering problems on defense equipment. 




ELECTRONIC LABORATORIES, INC. 

AIRCRAFT DIVISION, INDIANAPOLIS, INDIANA 
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North American Aviation 

( Continued from page 87) 


our production line going while the new 
supplier is getting set up. And we al- 
ways have the worry of a parts shortage 
which may result on some critical item 
because of spoilage of a production run 
at some remote plant. 

The above potential headaches, plus 
the constant difficulty of finding and 
training sufficient executive and super- 
visory people to make it possible to keep 
the whole complicated machinery of a 
major sub-contracting effort in motion, 
well dlustrates die difficulties in the 
way of accomplishing the requested 
production miracle. 

But in spite of such problems, we 
have achieved, with the help of all those 
engaged in this effort, tremendous prog- 
ress. Our purchases of parts and ma- 
terials from outside sources will reach 
a total of more than $100,000,000 for 
the year 1941, as compared with $45,- 
000,000 in 1940. And percentage-wise 
we have . upped sub-contracting from 
about 15 percent of our total produc- 
tion early in 1940, to approximately 
30 percent on November 1, and with a 
figure of 34 percent of total production 
anticipated shortly. It should be em- 
phasized that 34 percent of our total 
production actually represents a very 
much greater proportion of possible 
sub-contracting, since something like 
half of our total work must be done in 
the primary plant. 

Our production team now has grown 
to such huge proportions that it In- 
cludes 65 major sub-contractors and 


more than 900 suppliers of parts and 
materials with their plants spread 
throughout every one of the 48 states. 
These plants all feed parts and sup- 
plies to our three factories located in 
Inglewood, Calif.; Dallas, Texas; and 
Kansas City, Kansas. While all sub- 
contracting is supervised from our par- 
ent organization in Inglewood, we have 
found it necessary to establish a sub- 
contract administration office at Cleve- 
land, Ohio. This office facilitates the 
work of developing and controlling sub- 
contracting throughout the Eastern half 
of the United States. 

In developing' this great sub-contract- 
ing effort North American Aviation has 
had the fullest encouragement and co- 
operation from the government, and 
especially from the OPM, which has 
actively fostered the sub-contracting pro- 
cedure. Other industries, notably the 
automobile industry, have played a 
major part in making possible the great 
progress which has already occurred. 
While Ford, Chrysler and other manu- 
facturers have worked with other 
branches of the aviation industry in 
this connection, it has been our good 
fortune to have had the close coopera- 
tion of the General Motors Corporation. 
This has made it possible to take 
advantage of the established administra- 
tive procedure and executive and super- 
visory personnel which operates an in- 
tegrated nation-wide industrial empire. 
Through the assistance of the General 
Motors Corporation many of the prob- 
lems of finding suitable plants for man- 
ufacturing specific parts of our planes 
have been eliminated. Thus we have 
been able to work through one central 
administrative office and through it con- 
tact and maintain efficient relations with 
hundreds of small industrial units of 


all types scattered throughout the en- 
tire country. This advantageous rela- 
tionship will continue throughout the 
period of the emergency and will work 
to the mutual advantage of our own 
company, the General Motors group, 
and the entire nation which needs this 
expanded production of vital weapons. 

Another phase of sub-contracting 
which we are developing to advantage 
is connected with the manufacture of 
replacement parts for older models of 
aircraft now in service. We can turn 
over jigs and fixtures to plants which 
are able to manufacture such replace- 
ment parts efficiently. By careful super- 
vision we are able to assure the cus- 
tomer, whether it be the Army Air 
Corps, or the air service of Peru, Ar- 
gentina, or China, that replacement parts 
will be supplied to meet original specifi- 
cations. Yet our parent plant will be 
freed of the necessity of conducting 
such small scale manufacturing, which 
would interfere materially with our 
mass-production effort on modern mili- 
tary planes now needed for actual com- 
bat work. 

We have been particularly fortunate 
in connection with the sub-contracting 
scheme in that our plant was one of the 
first to break down an airplane for 
production into the maximum number 
of sub-assemblies and component parts. 
We pioneered in spreading the sub- 
assembly work back through the shop, 
doing as little work as possible on the 
final assembly line. The system proved 
to have many advantages. But the 
greatest advantage of all is found now 
in the ease with which we can allocate 
these various component parts and sub- 
assemblies to outside manufacturers for 
fabrication and assembly. Our experi- 
ence with assembly problems over a 
period of years has helped to discover 
in advance and eliminate many of the 
difficulties which arise when a product 
is assembled from sub-assemblies which 
were manufactured in various plants 
remotely located with respect to the 
final assembly plant. 

The detailed procedure which we have 
worked out for placing sub-contracts 
and for administering the net-work of 
plants and suppliers who cooperate 
with us on the over-all sub-contract 
effort is too involved for a complete 
explanation in the space available here. 
But it may be of interest to sketch an 
outline how we go about sub-contract- 
ing our work. 

Specifications and drawings are de- 
veloped in the engineering department, 
which works closely with the shop. En- 
gineering personnel has in mind the 
problems of sub-contracting in the 
course of preparing the original design 
and does what it can to develop the de- 
sign so that it will lend itself to out- 
side fabrication if necessary. 
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Speeding the Tool Room 
With Thompson 
Tool Room Grinders 


j&Amio 




In the North American Plant as in many other airplane plants, Thompson 
Grinders are meeting the demands for speedy output, absolute dependabil- 
ity and ease of operation. 


Husky . . . versatile . . . fast . . . Thompson Grinders are a material aid at 
North American in the grinding to close tolerances a wide range of vital air- 
plane parts, quickly, efficiently, at low cost. 

t information will be gladly 


-Thompson 


GRINDER CO. 




Through the follow-up and produc- 
tion control departments a constant 
check is maintained on location and 
progress of all parts and materials. 
This makes it possible to shift parts 
and materials among the three plants, 
if necessary, and also to give help to 
the individual sub-contractor, when 
needed. Such help may consist of fur- 
nishing extra material, helping the 
sub-contractor obtain priorities, fur- 
nishing machine tools, or supplying ad- 
ditional blue prints. 

The central follow-up department 
also works in close collaboration with 
the outside production department to 
supply tips on prospective plants where 
work might be farmed out, or to advise 
against the use of certain shops which 
may already be overloaded. The fol- 
low-up men must have considerable ex- 
perience and be carefully trained. It 
is preferred that such men have experi- 
ence in the company’s planning, mate- 
rial control, and production control 
departments if possible. They must also 
be well acquainted with the design, con- 
struction and detailed parts of the three 
principal North American production 
models, the B-25 bomber, the P-51 pur- 
suit, and the AT-6A advanced trainer. 
These follow-up men must be aggressive 
in order to keep the wheels turning, but 
they must be patient and tactful in order 
to avoid friction. 


North American Aviation 

( Continued from page 9d) 


The production department deter- 
mines what proportion of total work is 
to be sub-contracted. This is based 
on a study of the man-hour machinery 
load curve for the departments con- 
cerned. All production requirements 
above the capacity of the department 
concerned must obviously be sub-con- 
tracted. Which specific parts are to be 
sub-contracted is then determined on 
the basis of tooling, nature of the work. 

An outside production department 
maintains a continuing study of outside 
production facilities available, capaci- 
ties of such plants and ability of the 
various shops to handle the required 
work. Among the considerations en- 
tering into this determination are : suit- 
ability of machinery; ability to meet 
required delivery dates; ability to meet 
quality standards; general considera- 
tions of business responsibility and re- 
liability. All of these factors are deter- 
mined by a staff of field men who 
maintain constant personal contact with 
such plants. This staff has multiplied 
15 fold in little more than a year. 
These men are specially trained for 
such work and often must educate small 
shops to the standards required in the 
work to be placed. They frequently 
find themselves serving as advisers on 


Fuselage side panels lor Ihe B-2S which 
may also be fabricated by outside faclories 


varied problems of management, m&- 
chinc efficiency, material conservation, 
and shipping. 

Following placing of contracts, the 
sub-contract work is supervised by a 
follow-up department which investi- 
gates production schedules to make sure 
that work is delivered within the re- 
quired time. Inspection is handled by 
a separate outside inspection depart- 
ment which, wherever possible, inspects 
the work before it is shipped from the 
sub-contractor’s plant. Where this is 
not practicable a separate inspection is 
performed at the time of receiving at the 
primary plant. The receiving depart- 
ment maintains a reporting system 
which keeps the follow-up and outside 
production departments informed at all 
times of the parts or materials placed 
in the stockroom. 


The job of the investigators, who re- 
port on prospective sub-contractors is 
somewhat different but no less exacting. 
Such investigators must know as much 
about shop equipment as a seasoned 
machinist. Men are preferred who have 
had experience in the shipping and re- 
ceiving departments. They must know 
machinery, tools, jigs and fixtures, and 
must be able to read blueprints. They 
must also have an intimate knowledge 
of the company’s production models. 
As mentioned earlier, the number of 
men now active in connection with our 
sub-contracting program has grown tre- 
mendously. We are expanding this 
number steadily but it cannot be done 
over-night due to the special require- 
ments such men must possess. 

As with the investigators and follow- 
up men, the inspectors must have spe- 
cial training and qualifications. The 
same is true for the personnel in re- 
ceiving and shipping. Also, a complex 
cross-indexed bookkeeping system has 
been developed to keep all departments 
concerned informed of progress through- 
out the entire scope of the sub-contract 
program. 

It is a complex and difficult problem, 

- but through teamwork of all concerned 
we believe we are performing the only 
production miracle possible at this time. 



Sub-assembly work on a line ol luselage roar sections. This work is now being sub- 
contracted. 
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American Air Filter equipment cleans the air supplied to work 
rooms in the huge plants of North American Aviation, Inc., 
guaranteeing ideal atmospheric working conditions. In the 
Dallas and Kansas City units alone (J. Gordon Turnbull, Con- 
sulting Engineer. Cleveland; Freyn Bros.. Heating & Ventilat- 
ing Contractors, Indianapolis), American Automatics handle 
2,500.000 cu. feet of air per minute. 

North American is another of the hundreds of companies engaged 
in defense work which depend upon AAF Dust Control Equip- 
ment to keep production moving at unprecedented speed. M 
American Air Filter engineers have devoted more than 20 years 
to the study and development of atmospheric and process dust 
control and are today the world's largest manufacturer of air 
cleaning equipment. 

For Atmospheric Dusts, a complete line of filters is offered includ- 
ing fully automatic mechanical and electrostatic types such as 
are used by North American. 

For Process Dusts. Roto-Clone collectors — both dry and wet type 
— are in general use by all industries. 

Bulletins describing the application ol AAF products are avail- 
able on request. Write for them. 

AMERICAN AIR FILTER COMPANY, INC. 

INCORPORATED 

308 Central Ave. Louisville, Kentucky 
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DUST CONTROL aW. 
AIR FILTRATION EQUIPMENT 






NORTH AMERICAN 
AVIATION 


Teamwork is vital! And every component is 
vital to the perfect, finished product. Standard 
recognizes its responsibility to the aircraft 
industry. 

"Standard" manufactures: 

1. Airplane Lighting 3. Heat- and Pressure- 

2. Aircraft Sheet Metal 4. Heat Transfer Equip- 

Parts ment 





STANDARD AIRCRAFT 
PRODUCTS, INC. 

Dayton, Ohio 


manufacturer of 

DIRECT READING 
MAGNETIC 
LIQUID LEVEL GAGES 

is supplying the Aircraft industry with 

gages for 

FUEL AND OIL SYSTEMS 
HYDRAULIC PROPELLERS 
ANTI-ICERS 

Illustrated above is North American Aviation's 
P. 5 1 , built for the U. S. Army Air Corps, — Eng- 
lish version, the Mustang. This ship is equipped 
with two Model 106 — NA Boston fuel tank gages. 


North American's use of Boston products is 
typical of the team-work between leading aircraft 
manufacturers and their suppliers of quality 
equipment. 



THE BOSTON AUTO GAGE CO., PITTSFIELD, MASSACHUSETTS 



Streaking through the southern 
California skies, these North American 
AT-6A Advanced Trainers, equipped 
with Wittek Type FB Stainless Steel Hose 
Clamps, wing toward Army Air Corps 
Training Bases, where they will be used 



NORTH AMERICAN 

In an "all out” effort to put American Defense out 
in front NORTH AMERICAN looks to BUCKEYE 
tools to put more and more planes in the blue. 

Small tools are vital to speedy airplane produc- 
tion, and the extreme flexibility and all around 
utility of BUCKEYE Tools is a big factor in main- 
taining the rigid production schedule at NORTH 
AMERICAN. 




in the final stage of Cadet training. 

Leading aircraft manufacturers 
engine builders, and airlines name th< 
Wittek Type FB as the standard specifi- 
cations hose clamp. 


For Aircraft Use 


uily and quickly at NORTH AMF.RICAN. 

BUCKEYE Tools include: 

Jig Drills Grinders 



on the NORTH AMERICAN 



Romee salutes North American for its achievement and 
speed in the aircraft program. 

Illustrated here are two Romec Pumps used by North 
American. RD-4120, with fuel pressures ranging from 
2 to 25 lbs. per sq. in., with constant flow of 1 50 S.P.H. 
Capacity based on pump speed of 1750 r.p.m. Its non- 


RD-21 12 Vacuum Instrument Pump has a free air capac- 
ity of 4!A cubic feet per minute at 1 500 r.p.m. Designed 
with self-adjusting rockers containing metallic packing 


ROMEC PUMP CO. ELYRIA, OHIO 

PIONEERS IN THE MANUFACTURE OF A COMPLETE LINE OF AIRCRAFT PUMPS. 




Onsrud Tools and Machines 
to take more from each hour 

For routing, drilling, shaping, grinding, mill- 
ing, and lapping, Onsrud gives you tools and 
machines for high speed production and simple 
easy control. Today 99% of the U. S. aircraft 
industry employs Onsrud machines. 

Onsrud air turbine and high cycle motors 
turn tool and machine spindles at tremendous 
metal cutting speeds of 5,400 to 50,000 RPM. 
Feeds are amazingly fast; bits leave metal mirror 
smooth. High RPM, bearing design, and pat- 
ented centrifugal feed lubrication combine to 
give freedom from vibration and ease of opera- 
tion. Air turbine motors run cool indefinitely, 
kept so by the refrigerating effect of expand- 
ing air. 

From Spar Millers, machining 30 foot wing 
spars in 10 minutes' time, to Vi HP Hand 
Routers turning at 50,000 RPM, Onsrud offers 
high speed tools and machines to take mi 
finished work from each hour. 

For complete information on any Onsrud 
tool or machine, write: 


ONSRUD MACHINE WORKS, INC. 
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INDUSTRIAL AIR LINE EQUIPMENT 
1786 E. 27TH STREET • CLEVELAND, OHIO 



Britain's New " Heavies " 

The British turn to the long range, heavy bomber, 
a type pioneered by our Air Corps. — Some compar- 
isons with the Boeing Flying Fortresses. 



E NGLAND having come rather ab- 
ruptly, for reasons best known to 
the R.A.F., to a more than academic 
interest in heavy, long range bombers, 
there is naturally some speculation on 
this side of the water over the home- 
grown British models, the Handley Page 
Halifax and Short Stirling. 

As the long range, high altitude, 
bomber was pioneered in this country, 
among the questions foremost in Ameri- 
can minds is, how do the new British 
bombers stack up against the Flying 
Fortress, a type originally developed by 
the Boeing Airplane Co. for our Air 
Corps in the early 30-s? 

Details released by the Air Ministry 
on the Halifax and Stirling are con- 
fined mainly to physical descriptions; 
performance figures are kept secret, al- 
though a number of Halifaxes have been 
brought down over enemy territory. 
The Stirling, which is somewhat the 
larger of the two, weighing about 65,- 
000 lb. gross, has a wing span of 
99 ft., length of 87 ft. 3 in., and a height 
of 22 ft. 9 in. Fortresses, weighing 
47,500 lb. gross and 31,160 lb. empty, 
have a greater wing span, 103 ft., but 
overall length is considerably less, ap- 
proximately 68 ft. So the Stirling, built 
like a flying box car, must be capable 
of carrying a bigger bundle of bombs 
to Berlin, something like 6-7,000 lb. 
The Fortress Model C carries about 
4,800 lb. in bombs. 


Power for the Stirling comes from 
either four Bristol Hercules 14-cylinder 
air-cooled radials of 1,600 hp. each, or 
four double-row 1,600 hp. Wright Cy- 
clone 14's. Boeings are powered by Cy- 

The Halifax is approximately the 
same size as the Boeings, although it 
is greater in height by some feet — span 
is 99 ft., length 70 ft., and height 22 
ft. — but unlike any other British or 
American heavy bombers, it is powered 
by liquid-cooled engines, four Rolls- 
Royce Merlins rated at about 1,050 hp. 
each at 18,500 ft. Both the Halifax and 
the Stirling are midwing monoplanes, 
but whereas the former has twin fins 
and rudders, the Stirling has a single 
tail structure. 

The Halifax is reported to have good 
controllability. Stalled in a demonstra- 
tion flight last Sept. 12, the motors 
are said to have picked up again with 
little loss of altitude. Take-olf was quite 
short and with the Handley Page slotted 
flaps fully depressed, landing was said 
to be both slow and reasonably short. 

Three-bladed Rotol constant speed, 
full feathering propellers arc used, and 
the Merlins are housed in nacelles which 
are level with the upper surfaces of the 
wings. Two glycol radiators and an oil 
cooler are carried together in a duct 
under the crankcase. Exhausts are 
single jet, flame damping types. 


is said to have been designed for rapid 
production, although as both bombers 
were just being built when the war 
started it is probable large numbers have 
not yet been produced. Each part is 
divided into sections small enough for 
easy transportation from shadow fac- 
tories to final assembly points, and each 
section is in turn sub-divided to obtain 
maximum economy of man power. 

The wings are of sweep-back design 
with square-cut tips, affording the pilot 
and bomb-aimer a lateral view extend- 
ing abaft of the beam. For some reason 
the wings are not provided with de- 
icers, although the tail is. The Stirling 
seems to be similarly equipped. 

Landing gear on the Halifax is a re- 
markably sturdy-looking fork-type, 
which is a single magnesium casting, 
having telescopic action capable of more 
than 12 inches travel. Retraction is 
backwards into the inboard nacelles. 
The Halifax's tailwheel is fixed, but the 
interesting double tailwheel on the 
Stirling, installed undoubtedly because 
of the great loads carried, is retractable, 
as is also the main landing gear. 




doors extending irom beneath the pilots' 
cockpit almost two-thirds the whole fuselage 




The Handley Page Halifax is powered by 

single-orifice exhausts on the engines and 
fuel iottlson pipes below wing flaps. Land. 



Brtthk combine 

Close-up of the triple racks in which the 
Stirling's bombs are loaded. Ground crew 
are attaching a cable by which the 500 lb. 
bomb is hoisted into the rack by a motor. 


Fuel and bombs being loaded Into a Stirling 
for a heavy raid on the Ruhr and Rhineland. 
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Bomb compartments take up most of 
the fuselage below the wing in these 
planes — triple bomb racks extend almost 
I the length of the Stirling's 87 ft. 
fuselage, starting from beneath the 
pilots' cockpit in the nose — and arma- 
ment is reported to be very heavy. On 
the Halifax a 4-gun Boulton Paul power 
turret is installed in the rear tail posi- 
tion and a 2-gun turret in the nose, 
which in both bombers, especially the 
Stirling, juts far out beyond the leading 
edge of the wings. The Stirling is ap- 
parently armed in like manner, with 
further armaments on either unrevealed. 
Armament on the Boeing B-17E is also 
heavy, with a power turret "stinger” 
in the tail and another in the fuselage, 
in addition to the belly guns. 

Neither the Halifax nor the Stirling 
were in service until some time after the 
present dispute with Germany started — 
it is reported that last winter not more 
than two squadrons of Stirlings were in 
operation at any one time. A perhaps 


significant revelation concerning the 
Halifax, in lieu of performance figures, 
is the admission that “several have been 
lost”, whereas up to this time there has 
been no confirmed loss of a Flying 
Fortress. Undoubtedly, no Boeings have 
been lost because they can reach alti- 
tudes in excess of effective ground fire, 
and, although Me 109 F’s have engaged 
the Fortresses in combat at 30,000 ft., 
the Nazi fighters find it difficult to 
maneuver at that altitude. 

British pilots, not the magazine 
writers, are credited with saying that at 
high altitudes the Boeing was defi- 
nitely better than the Stirling or Hali- 
fax, and that at 25,000 ft. they found it 
to be even faster than the Spitfire or 
Hurricane. 

Thus, any shortcomings in the defen- 
sive armament of the Boeings, so often 
complained of by British aviation 
journals, is more than made up by their 
ability to climb far above the effective 
(Turn to page 218) 
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OF THE 

PUDDING 


machines have been so designed and have 
quantity that they could more than double the present vol- 
ume of required analysis. 

From a then -astounding record of 600 parts per month 
in 1935, they have advanced the art until now over 100,000 
parts are being examined monthly. Facilities now installed in 
Burbank, Wichita and elsewhere will enable Triplett & Barton 
to handle over 500,000 parts per month when the aviation 
industry has advanced to the point where this tremendous 
volume will be required. 

CONSULTATIONS MAY Bt ARRANGED 

TRIPLETT 

★ WICHITA, KANSAS * G BARTON INC. * BURBANK, CALIFORNIA * 

METALLURGICAL DIAGNOSIS 

7 

Metallurgical X-Ray and Gamma Ray analysis, Physical and Electrical testing, 
Chemical and Spectrographic determination, X-Ray Diffraction, Metallography Heat 
Treatment and Foundry Sand testing, High-Speed and Micro-photography, etc. 


-is in MAINTENANCE COST savings that are being 
made possible by the 100% X-Ray analysis and examination 
of all stress parts used in the fabrication of present-day air- 
planes. Only 7 years ago, Triplett & Barton designed and 
built their first X-Ray unit for the purpose of examining in- 
dustrial materials. In this early experiment, aircraft manufac- 
tures considered a 1% examination sufficient to disclose 
defective materials. 

Since that time, Triplett & Barton have expanded their 
engineering research and today have in operation the most 
advanced metallurgical X-Ray equipment in the field — these 
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Morrow 

Plywood Trainer 


L ATEST plastic bonded plywood train- 
ing plane is the Morrow Victory 
secondary trainer test flown Nov. 1, 
in San Bernardino, Calif., by Vance 
Breese. Powered with the new 175 
hp. horizontally opposed six-cylinder 

plane has a top speed of 165 m.p.h. 
General design is conventional, of low 

ment with retractable landing gear. 
Unusual performance is claimed to re- 
sult from the smooth surface provided 
by the plywood which is bonded and 
impregnated with a plastic resin. 

Said to be built of materials that are 
plentiful on the Pacific Coast, the struc- 
ture is of wood throughout, except for 


ing gear, and has been designed to 
take the fullest advantage of plastic 
bonded wood material. Fuselage frame- 
work is of laminated bulkhead rings, 
with longitudjnal spruce stringers, over 
which inner and outer molded skin sec- 
tions are attached in two halves. The 

rectly to the fuselage. A novel struc- 
spar runs for the full span of the wing. 


extend much beyond the landing gear 
support point. 

The retractable landing gear is hy- 
draulically actuated by means, of a hand 
pump. Brakes are hydraulic, a special 
feature being a hydraulic brake lock 
which acts as a parking brake. 

Wing span of the Victory trainer is 
30 ft. 4 in., overall length 25 ft. 4 in., 
height 7 ft. 9 in. and weight empty 1656 
lb. Range is 1,000 mi., top speed 165 
m.p.h., cruising speed 145 m.p.h., and 
landing speed with flaps 55 m.p.h. 
Standard equipment includes hydraulic- 
ally operated retractable landing gear, 
oleo shock struts, hydraulic brakes, hy- 
draulically operated split flaps, complete 
Kollsman flight instruments on shock- 

pits. adjustable rudder pedals, Ranger 
cockpit only, and hand fire-extinguisher. 

craft companies. Morrow AircraftCorp. 
was formed in 1940 by Howard and 
Frank Morrow, successful eastern mer- 
chants. Associated with the Morrow 
brothers is W. R. Angell, Jr., formerly 


of Continental Motors Corp. Chief 
Engineer is Dwight S. Mills, formerly 
with Lockheed Aircraft Corp, 




Laboratory Control 
For Ranger Engines 

Extensive Laboratory control of materials and methods 
makes for constant improvement in quality and perform- 
ance of Ranger Aircraft Engines. 

By Clinton B. F. Macauley, Washington Editor. Aviation 


W E can all remember when a machine 
shop or engine factory was an 
honest, reliable-looking structure of 
dingy aspect with grimy windows and 
myriad overhead pulleys with long belts 
slapping in the breeze. Stubble-faced 
machinists in greasy overalls hunched 
over their machines hour after hour, 
unmindful of the litter of waste and 
scrap in which they stood. 

Certain old-timers, whose sentimental 
affections for a past now dead tend to 
belittle the achievements of a newer 
order, have been heard to snort in 
their beer in disgust at the bright and 
cheerful aspect of clean plants with air 
conditioning and miles of fluorescent 
lighting tubes, stubbornly refusing to 
face the facts of their improved 
efficiency of production and the superior 
quality of the products manufactured. 

Lobs Move Into Factories 

To these old-timers a “laboratory" 
was a vague place up at the State Uni- 
versity where every now and then a 


piece of this or that was sent for analy- 
sis or testing. Today the laboratory has 
moved right into the factory. If it 
isn’t in the plant itself, it’s right next 
door. And this is as it should be, for 
out of the laboratories come the new 
ideas, techniques and products which 
will enable the industry to meet suc- 
cessfully the inevitable readjustments 
of post-war years. 

The well-equipped metallurgical lab- 
oratories in the Ranger Aircraft 
Engines plant at Farmingdale, Long 
Island, provide an excellent example of 
how mechanic and scientist now are 
working side by side to the end that a 
particular engine will be as fine as 
human knowledge, ingenuity and 
patience can make. it. In the present 
emergency, national defense producers 
also are fighting against time. The 
efficient utilization of newest laboratory 
techniques in close coordination with 
production processes frequently saves 
days and weeks in critical instances, and 
in the long run doubtless gains months 
and years over older methods in the 



The well equipped chemical laboratory in Ranger's metallurgical department. 
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improvement of design, materials and 
performance. 

The personnel of the metallurgical 
department at Ranger consists of a 
group of analytical engineers, each 
highly specialized in his particular field, 
engaged in spectrographic analysis, 
photoelastic analysis, chemical analysis, 
physical testing, microscopic study, and 
development work in the fields of heat- 
treating and casting. 

Function of the Laboratory 

This is how the laboratory functions. 
Suppose a cylinder-barrel forging isn’t 
machining-up properly in the shop, or 
for some other reason is under suspicion 
— despite the fact that chemical analysis 
and physical test reports are required 
for all Ranger materials. A new com- 
plete chemical analysis might require up 
to a week. Obviously impractical, but 
aircraft engine manufacturers cannot 
fool with questionable materials. So 
drillings or chips from the forging are 
sent in for a spectrographic analysis. 
In about half an hour the presence or 
absence of all of about 70 different ele- 
ments will have been determined, and 
for many of these elements the percent- 
age of each will be known, more accu- 
rately than is feasible by any other 
method. 

Or, suppose a tiny speck of matter is 
found in a bearing surface and it is 
important to know what it is. Chemical 


Photographic film ol spectrographic analyses. 

spectrographs. The presence of dark vertical 
lines indicates the existence of elements 
whose wave-lengths appear In that portion 





analysis would be impossible with so 
little material to work on. But a ver- 
itable pin point of matter can be made 
to reveal its composition under spectro- 
graphic analysis. 

By this method the samples to be 
analyzed form the electrodes for a 
powerful spark. Ultra-violet rays 
emitted by the spark are broken down 
by the grating to form an evenly graded 
segment of the spectrum. This is re- 
corded on photographic film which is 
quickly developed and dried, providing 
a permanent record of the analysis. The 
film is projected onto a screen and syn- 
chronized with a master scale parallel- 


element. The wave length of each line, 
determined by its location on the scale, 
accurately reveals the identity of all of 
the elements present in the sample. 
Densitometer readings of these lines are 
obtained automatically through a micro 
slit and a photoelectric cell, all by 


simply pushing a button after adjusting and sulphur 


The presence of any element can be 
detected by spectrographic analysis. 
However, the amount of carbon, phos- 
phorus, and sulphur in steel still must 
be tracked down in the chemical lab, 
but special chemical apparatus makes 
t possible to find the amount of carbon 


the desired line to the control location. 
This reading is used 
with calibration charts 


il within a 


The detection of phosphorus re- 
conjunction quires somewhat longer time. The 
give directly chemical laboratory of course is well 
equipped to make complete chemical 
analyses by conventional quantitative 
methods, as a periodic check on the 
accuracy of the elaborate spectrographic 
equipment. For small percentages of 
alloying elements, the spectrograph 
offers greater accuracy, less opportunity 
for errors, and vastly greater speed. In 
order to insure these results all of the 
spectrographic equipment has been lo- 
cated in three connecting rooms which 
are air-conditioned by a separate unit, 
to maintain dust-free conditions and 
constant temperature and humidity. 
The conditioned air is kept under pres- 
sure, so that leakage will always be out 
from the spectrographic laboratory and 

The chemical laboratory in addition 
to the previously mentioned work, also 
checks the composition of cadmium and 
copper plating solutions, etching solu- 
ns, cleaning baths and various other 
(T urn to Page 190) 






New Twin-Engined Trainer 

Curtiss AT-9 incorporates same general performance and 
operating characteristics as multi-engined tactical aircraft 



Aeronca Defender 


A NEW type of twin-engined plane 
for high speed, multi-engined fighter 
and bomber training was announced re- 
cently by Curtiss-Wright Corp. through 
Guy W. Vaughan, president of the firm. 
Delivery of the first plane to the Army 
Air Forces for accelerated service tests 
has been made. 

Called the Curtiss AT-9, the new 
twin-engined plane was designed to 
shorten the long difficult step which 
young Army pilots experience in trans- 
ferring from the single-engined, low 
powered training plane to the latest 
types of multi-engined tactical craft. It 
therefore incorporates the same general 
performance and operating character- 
istics of the latter types, including 
numerous instruments. 

An all metal, low wing monoplane, it 
is equipped with retractable landing 
gear of the conventional type and has 
two side by side scats with provisions 
for two additional seats immediately aft 
of the two pilots. Power is supplied by 
two 280 hp. radials and fuel capacity is 
150 gal. Many features have been in- 
corporated in accordance with specific 
training demands of the Air Forces. 

Top speed is more than 200 m.p.h. and 
range is 750 miles. Developed by the 
St. Louis, Mo., plant of the Curtiss- 
Wright Airplane Div., it is ideally 
adapted to mass production, according 
to Mr. Vaughan. A large number of 
them will be produced in the new Cur- 
tiss-Wright Airplane factory at Lam- 
bert. Field in St. Louis. 

The plane if said to be undergoing 
tests during which it is being flown as 
many hours within a few weeks as it 
would normally operate under ordinary 
service conditions in a year or more. 
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T HE Aeronca Defender, a new tandem 
trainer, is now in production by 
Aeronca Aircraft Corp., Middletown, 

Engineered for a 65 hp. motor, the 
plane now has for standard equipment 
an improved type of muffler. Engine 
cowling has been modified and strength- 
ened around the base of the windshield. 
This new installation was conceived, it 
is said, for the remarkable effect it has 
in reducing engine noises in the cabin. 
Extra heavy verticle tubes have been 
installed on each side of the cabin, elimi- 
nating a diagonal cluster and, as a re- 
sult, materially strengthening the entire 
side of the fuselage. Exceedingly rough 
landings will now transfer shock through 
the gear and up through this tube and 
expand itself through the various con- 


necting members. Addition of this over- 
size tube will insure complete fuselage 
protection against bad "stall outs” in 
landings, it is claimed. 

Leverages on all control surfaces have 
been changed and approximately li sq. 
ft. area has been taken off the rudder. 
The reduced rudder has been balanced, 
thus providing a control surface that is 
said to be exceptionally light to operate. 
Aileron chord has been decreased and is 
now of the slotted semi-frise type. Con- 
trol is by means of a .differential. Ele- 
(Turn lo page 202 ) 




(Official pboto/yapb, courtesy United States Navy) 


It may seem a far cry from a coal mine or a coke plant to one 
of these Navy SBC-4 dive bombers, and the aviation industry, 
but the connection is pretty close in many things. 

Many plastic parts are made from Koppers coal tar acids. 

The long-lasting paint finishes are made with alkyd resins 
which, in turn, come from naphthalene derived from coal tar. 

The tires have much longer life because of rubber anti-oxidants 
and vulcanization accelerators derived from coal tar. 

Electrodes made from coal tar pitch are indispensable in 
aluminum production. 

Koppers coal tars help build long-lasting skid-resistant 
airport runways. Piling, drainage culverts, guard rail posts, 
landing docks and other timber used in airport construction 
have been pressure treated with creosote by Koppers to resist 
termites, decay and marine borers. 

Many airport roofs arc built with Koppers Coal Tar Pitch 
and much concrete, masonry and brickwork is protected with 
Koppers waterproofing and dampproofing. 

Thousands of Koppers American Hammered Piston Rings Address, 

are used in aircraft engines. 


Let us send you any or all of these data sheets, folders, 
booklets from the Koppers Library of Technical Information 
which deal in detail with these products. 

KOPPERS COMPANY 

1277 KOPPERS BUILDING 
PITTSBURGH, PA. 

Please send me copies of these folders: 

□ "How to Order Piston Rings" — A-l 

□ "Coal Tar Pitch Rooting Specifications" — TA-6 

O "Koppers Dampproofing" — TB-4 
O "Disinfectants"— TD-14 

□ "Pressure-treated Timber"— G-fi'- . 

□ "Bridges of Pressure-treated Timber" — G-l , 
treated Highway Posts" — G-9 

i to Measure the Quality of Pressure-treated Timber You Buy" — G-U 
ting of Creosotcd Wood"— <3-13 
surc-creosoted Poles" — G-15 
surc-creosotcd Lamincx Culverts" — G-16 


Name and Title. 
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INSTRUMENTS OF VICTORY 


The Army Says: "Do a ihing; Do it Right; and be Quick about it!" Let American manufacturers adopt that 
slogan. We have at VARD. And here are three instruments, first developed for our own use, and now 
offered to you as aids in doing a job, doing it right and doing it Quickly. 

The first of these, in the center above, is a circular dividing machine. It accurately divides any circular 
disc into predetermined segments. It is valuable in production of dials, protractors, and the like. We also 
manufacture a linear dividing machine for automatic dividing of strip material. 

At either side of the divider, -in the above picture, are new VARD external comparators, small handy 
table instruments, for checking limits in manufacturing. One is a dial gauge type. The other is a liquid 
column reading type. Both quickly indicate variations as small os one ten-thousandth of an inch. Each can 
handle work quickly. Adjustments are simple and positive. 

VARD builds precision gages for checking threads, holes, and thickness. Likewise we produce special 
taps, optical lenses, prisms, and mirrors. Another branch of our organization turns out aircraft hydraulic 
units, drafting, and navigating instruments. 





MECHANICAL LABORATORY 


5. A. E. Engineers Review 
Y ear of C reatest Production Progress 

Los Angeles meeting sums up achievements of past 12 months. 


Photos by C. F. McReynotds. AVIATION'S 
Pacific Coast Editor. 


N OW a traditional event among avia- 
tion engineers, the 1941 Annual Air- 
craft Production Meeting Sponsored by 
the Society of Automotive Engineers 
in the Biltmore Hotel, Los Angeles, 
fully equalled previous such meetings 
in interest, attendance, and value to our 
production effort. Through Oct. 30, 
31, and Nov. 1, engineers and industry 
executives crowded the sessions and the 

foyer adjoining the main auditorium. It 
is a convincing demonstration of the vi- 
tality of democratic traditions and prin- 
ciples that men can be found to join in 
staging such a successful meeting at a 
time when we are straining every nerve 
to meet production schedules. Not only 
had busy engineers taken time out to 
prepare and present important reports 
on significant developments, but there 
was no lack for an audience. As in the 
past the hall was several times jammed 
to complete capacity and there was every 
evidence that this year those in attend- 
ance were even more seriously inter- 
ested in the proceedings than ever before. 
Total registration was approximately 
1000 but there were a great many more 


eter Rossmann, left, of Curtfss-Wright In 
cfialo, and T. P. Wright, who gave one of 


who attended but did not register. Total 
attendance at the various sessions of 
the three-day meeting exceeded three 
thousand people, not counting those who 
inspected the engineering exhibit. Nor 
would it be fair to judge the success of 
this meeting by the number of those in 
attendance for many of the industry's 
top notables were there, including F. C. 
Crawford, of Thompson Products : T. P. 
Wright, OPM ; Robert Hinckley, Asst. 
Scctv. of Commerce, and A. T. Col- 
well, to mention only a very few. 

Keynote of the meeting was struck 
by T. P. Wright with an address on 
morale. His encouraging report of our 
production progress during the past 
year gave sound reasons why we should 
have confidence in our weapons, our 
leaders, and ourselves. Along this same 
line was the report on "Blitzkrieg and 
How to Stop It," by A. T. Colwell, 
S.A.E. president. Colwell’s analysis of 
military developments of the present war 
left little doubt that an all-out pro- 
duction effort was the principal solu- 
tion to our problem of stopping the 
Blitzkrieg. 

But not all of the discussion was on 
military developments. One of the big- 
gest crowds of the meeting gathered to 
hear Wm. B. Stout tell about his new 
light airplane and engine, which are 
being developed with an eye on the 
"after-the-war” market. 

On the production side there were 
invaluable reports of such new devel- 
opments as the duPont explosive rivet, 
George Tharratt’s description of the 
use of perspective sketches in place of 
blueprints on the final production line, 
the place standardization is playing in 
our expanded production effort, by C. E. 
Stryker, of the OPM, etc. 

Research reports were concentrated 
largely on problems of high altitude op- 
eration, including two-speed super- 
chargers, air intake scoop research, icing 
problems, and vapor lock investigation. 
Importance of this work was stressed 
by F. C. Crawford, pres, of Thompson 
Products, in stating that many experts 
believed that whichever side succeeded 
best in solving problems of high alti- 
tude flight would win the war. 

Exhibits in the Engineering Display 
quite properly featured the part sub- 
contractors and vendors are playing in 
the amazing expansion of aircraft pro- 
( Turn la page 168) 




L to r: Carloton Stryker ol OPM; George 
Tharratt ol both Douglas and Adel; and 
Mac Short ol Vega. 
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A Procedure Control 
For Aircraft Welding 


By A. K. Seemann, Engineer, The Linde Air Products Company 


Part II 


Part I ol this article, published in the Novem- 
ber, 1941 issue, discussed the need for a 


procedure control, problems ol engineering 
design lor welding, selection and inspection 
ol materials and such factors in procedure 


T O make an oxy-acetylene weld, a 
small area at the edges of the two 
parts being joined is heated until a small 
pool of tnolton metal is formed. Then 
as this pool is made to progress along 
the junction of the two parts, additional 
metal is added from a welding rod. The 
rear edge of the puddle is continuously 
solidifying while additional metal is be- 
coming molten at the leading edge of 
the puddle. There are three import- 





ant parts to the welding operation : the 
flame, the welding rod, and the method 
of making the weld. 


Oxygen and acetylene pass through a 
suitable mixing device and the mixed 
gases burn at the blowpipe tip. This 
furnishes the source of heat for the 
welding. 

There are three definite types of oxy- 
acetylene flames. One of these, known 
as the neutral flame, has two distinct 
parts, an intense white inner cone and 
a feathery, outer envelope. In the 
second type, a third cone appears sur- 
rounding the inner cone. The third 
type has but two parts, but the inner 
cone is shorter, is niched in, and is 
purplish in color. The basic reason for 
these flames is that acetylene burns 
completely in two definite stages. 

In the oxy-acetylene process approxi- 
mately one volume of oxygen is sup- 
plied from the cylinder as pure oxygen. 
This is sufficient for the primary com- 
bustion of equation (I), below. The 
oxygen for the secondary combustion, 
equation (2), is supplied from the air. 

When exactly equal quantities of 
pure oxygen and acetylene are supplied 
to the blowpipe, a neutral flame results. 
In the inner cone of this flame the 
primary combustion is taking place. In 
the outer envelope, oxygen from the air 
is causing the secondary combustion. 

If the one-to-one mixture is varied to 
give an excess of acetylene, the third 
cone appears in the flame, the excess 
acetylene feather. Then part of the 
oxygen for the primary reduction mnst 
be supplied from the air. 

If, on the other hand, the one-to-one 
mixture is varied to give an excess of 
oxygen, the inner cone becomes shorter, 
is necked in and acquires a purplish 
tinge. With this type of flame, some 
of the oxygen for the secondary com- 
bustion is supplied through the blow- 
pipe. 

The oxy-acetylene flame is the hot- 
test flame known. This fact is explained 
by a consideration of the chemistry of 
the flame and, since the chemistry of 
the flame has an important bearing on 


the weld, it is worth at least brief 
consideration. 

Acetylene gas is a compound of two 
parts carbon and two parts hydrogen. 
The complete oxidation of acetylene 
takes place in two complete steps. 

CjHj+Oj— * 2CO+H s +Heat (1) 

The products of this primary com- 
bustion, carbon monoxide and hydrogen 
are both combustible. 

2CO+ O,— >2COj+Heat 

2H.+ Os-»2H,0 + Heat (2) 

From this it becomes evident that 2J 
volumes of oxygen are required to burn 
completely one volume of acetylene. 

CjH s +2}0«— »2CO,+H s O+Heat 

(1) and (2) 

In oxy-acetylene welding, part of the 
oxygen required for complete combus- 
tion is supplied from the air, as explained 

The Welding Bod. 

As explained earlier, the choice of 
welding rod for joining S.A.E. X4130 
steel depends upon the base metal thick- 
ness, in general, although possible sub- 
sequent heat-treatment should be taken 
into consideration. 

Welding Technique. 

A slightly excess acetylene flame 
adjustment is recommended for weld- 
ing with either of the welding rods 
mentioned and X4130 base metal. One 
important reason for this is that the 
slight amount of carbon in the flame 
has a fluxing action which is of con- 
siderable aid in reducing surface 
oxides; yet such a flame adjustment 
does not cause carbon pick-up by the 
base metal. The presence of surface 
oxide and the fact that the flame adjust- 
ment may fluctuate slightly strengthens 
the argument in favor of a slight excess 
acetylene feather in the flame. An 
added advantage of the slightly excess 
acetylene flame is that it minimizes the 
overheating of the base metal, and, fre- 
quently, the creation of a sharp enough 
temperature gradient in the base metal 
to cause the formation of martensite 
is avoided. (A warning regarding 
welding operators should be injected at 
this point. An oxidizing flame is hot- 
ter than a slightly excess acetylene or 
neutral flame. Frequently an operator, 
in an effort to speed his work, will 
allow his flame to become slightly 
oxidizing. This indicates that an effort 
should be made to give the operator 
more of an understanding of the effect 
of the flame upon the resulting weld.) 

There are three techniques of weld- 
metal deposit in use in aircraft welding : 
forehand ripple, backhand, and “scale” 
welding. 

Forvhand Hippie Welding. 

In this method the blowpipe is held 
in the right hand and rod in the left 
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(for a right-handed operator) and the 
direction of welding is from right to 
left, thus placing the flame between the 
completed portion of the weld and the 
welding rod tip. The puddle is main- 
tained continuously and, in light gauges, 
metal from the welding rod is added 
intermittently as needed. 

There are one or two things regard- 
ing this technique which should be 
pointed out. The edges of the base 
metal should be melted first and the 
puddle thus moved forward. The molten 
puddle should never he allowed to flow 
forward onto solid edges as the metal 
will then not weld. In butt welds this 
melting of the edges ahead of welding 
must be done all the way through to 
the underside of the base metal. 

In any welding the flame should be 
held so that the inner cone no more 
than just touches the surface of the 
puddle. It is in the inner cone that the 
primary combustion is taking place and 
“digging" the inner cone into the mol- 
ten puddle will cause oxidation of the 

At no time during welding should 
the air be allowed to touch the white- 
hot or molten metal. The outer enve- 
lope of the flame provides a protection 
against oxidation and this protection 
should not be removed until the weld 
has cooled down at least to a red heat. 
Drawing the inner cone back away from 
the weld allows the metal to cool, yet 
still provides protection against oxida- 


In this method the blowpipe and rod. 
are held the same way, but the direction 
of welding is from left to right. The 
advantage is that the flame can be made 
to play more directly on the basemctal 
edges ahead of the welding puddle, 
speeding the welding. The ripple effect 
at the top of the weld, produced more 
by the welding rod than the flame, may 
be somewhat coarser than with fore- 
hand welding but not excessively so. 
The same general precautions as to 
thorough fusion and avoidance of oxide 
apply as in forehand welding. 

"Scalo" Welding. 

Ill this welding method, which can 
be performed either forehand or back- 
hand, the welding puddle is not main- 
tained continuously. A puddle is created, 
some welding rod added and the puddle 
enlarged, and then the flame is with- 
drawn and the puddle allowed to 
solidify. Thereupon, a new puddle, 
overlapping the first is created and 
the operation repeated. 

“Scale” welding' is a special-purpose 
technique developed for use in making 
fillet -welds in which distortion or over- 
heating of a thinner section becomes a 
problem. An example of a cireum- 
(Turn to page 210) 







Over 400,000 Miles Daily 


Bend ix Radio Flies 


BENDIX 


Guiding Great Ships ... to Successful Landings ! 


. . . Every 10 Seconds, along the commercial airlines military pilots on their missions. From the sub-zero 
marked in white, Bendix Aircraft Radio snaps into north to the dripping tropics, Bendix Radio is proving 
action — to complete a vital plane-to-ground contact, its reliability ... is justifying the care and skill which 
Hour after hour Bendix Radio Compasses guide air- are built into every piece of Bendix Radio Equipment, 
liners through darkness, fog, rain, sleet and snow. Over Bendix Radio, Division of Bendix Aviation Corporation, 
war-torn sections of the world, Bendix Radio guides Baltimore, Md., U. S. A. Cable Address: Benrad. 
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OIL HYDRAULIC 


MEi 


CALLY OPERATED SEOUEIMCE VALVES 



open before gear starts down . . . and on 
reversal, so that gear is completely re- 
tracted before doors begin to close. 

These valves are simple, rugged, com- 
pact and light weight. Ease of maintenance 
is another feature: valve can be completely 
dismantled without disturbing piping or 
removing from installation. 


Engineers and Hniiders 
ill' Oil Hydraulic Er/iiifirncnf 
Since 1 02/ 


VlCKERf I 


Positive and Automatic 
Control for 

Sequence of Operations 
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RADl 0 


Dialing the Air Waves with Craig Walsh 



Radio Maintenance 
At United Air Lines 

The complications of radio equipment 
require that where life and safety arc 
concerned it is essential that elaborate 
precautions be taken to insure that the 
many pieces of radio apparatus used in 
a modern airliner continue in normal 
operation while the plane is in flight. 
The United Air Lines has attacked this 
problem by establishing radio-electric 
shops at LaGuardia Field, New York, 
Chicago, Salt Lake City, and Oakland. 
These are in addition to the main over- 
haul and installation base at Cheyenne. 
Also, spare equipment is kept ready for 
use at all of the other stations where a 
unit which goes bad may be immediately 
replaced. The defective unit is then 
forwarded to one of the repair shops. 
This company also maintains a radio 
development laboratory at Chicago so 
that its radio systems are continually 
being improved and put to new uses. 

Each United Mainliner carries three 
radio receivers and one combination re- 
ceiver-transmitter. Plans call for the 
use of two additional receivers and an- 
other combination receiver-transmitter 
lor ultra-high frequency operations. 

Certain checks are made of the Main- 
liner's various antennas and radio 
equipment at every stop and at the end 
of each flight. In addition, there are vis- 
ual and mechanical inspections and op- 
erational tests of all components of a 
Mainliner’s radio equipment after every 
40 and 125 hours of flight. Such inspec- 
tions and tests are conducted at United’s 
major service stations. Then, at the end 
of every 700 hrs. of flight, all radio 
equipment is removed and completely 
overhauled in the radio-electric shop at 
the Cheyenne maintenance base. 

Thirty-six highly skilled mechanics 
work with the most modern equipment 
in the Cheyenne shop, minutely inspect- 
ing all radio equipment and adding any 
necessary new parts. Thorough per- 
formance tests are also conducted. 

It is interesting to note that all equip- 
ment necessary to do navigation and 
reception is duplicated in some manner. 
For instance, the plane can receive in- 
formation over its regular receiver or 
over its beacon receiver. If one should 


fail the other is there for emergency 
use. If the direction finder should cease 
to function, the pilot can still locate 
himself by means of the radio compass. 
Also, if the beacon receiver should fail, 
the radio compass and the direction 
finder will enable the pilot to navigate. 

After a radio receiver or transmitter 
is overhauled, it is given a vibration 
test to simulate normal operating con- 
ditions and measurements are made of 
its characteristics while it is vibrating. 

loose parts are detected before they can 
do any harm. If the tubes perform 
properly in this test it is known that 
they are in good condition and that they 
do not need replacement. It is interest- 
ing to note that new radio equipment 
purchased or built by United Air Lines 
not only must meet certain mechanical 
requirements, but also must pass severe 
tests if these have not already been 
conducted by the manufacturer. Such 
tests include four hours on a vibration 
table at frequencies of from 30 to 60 
cycles per second and at amplitude 
sufficient for a vertical acceleration of 
10 Gs.; 48 hrs. in a humidity chamber 
at 95 deg. humidity and temperature of 
50 C.; a temperature test in which the 
equipment is subjected to temperatures 
ranging from +55 to — 35 deg. C. ; 
a test in an altitude chamber at variable 
pressures from sea level to 31,000 ft., 
and a drop test in which the equipment 
is subjected to at least 100 free drops 
of from 16 to 18 inches. 

Azimuth Indicator 
for Ground Stations 

For a number of years direction find- 
ing equipment using the directional loop 
has been used to enable airplane pilots 
to determine their positions under con- 
ditions of poor visibility. Because of 
the necessity of a skilled operator to 
work the equipment and the time re- 
quired to make a reading it was neces- 
sary for the plane to make a special 
transmission for the direction-finding 
determination. Apparatus which will 
determine a plane’s direction instantly 
and automatically has been developed 


by Bell Telephone Laboratories ac- 
cording to the Bell Laboratories Record 
lor November. It is an azimuth-indi- 
cating radio receiver, operating in the 
2 to 7 megacycle band, which gives a 
visual indication of the direction of the 
source of any radio waves to which the 
receiver is tuned. The collector, or an- 
tenna, system may be located at a site 
free from electrical noise, while the in- 
dicator panel may be located at a regu- 
lar operating point where personnel is 
available for observing the directional 
indications. 

The antenna system consists of four 
vertical dipoles located at the corners 
of a square with a fifth dipole at the 
center. The four corner antennas are 
used for determining direction. The 
center antenna serves as a reference of 
radio-frequency phase to permit differ- 
entiation between directions 180 degrees 
apart, and also it receives the normal 
communication signals. This form of 
antenna responds only to the vertical 
component of the electric field, since the 
horizontal component is cancelled out. 

Each pair of directional dipoles is 
connected to the input of a pair of 
modulators which are also supplied with 
an audio-modulating frequency. The 
carrier and modulating frequency are 
both suppressed only the side-bands re- 
main. The outputs of the directional 
modulators, together with the output of 
the center antenna, are then combined 
and passed to the radio receiver. The 
three components are separated at tile 
output of the receiver and the signal is 
fed to a loudspeaker, and the two di- 
rectional components to the plates of a 
cathode ray tube. The cathode ray tube 
has two pairs of deflecting plates at right 
angles to each other. The rectified out- 
put of one pair of dipoles tends to de- 
flect the spot along the line of one pair 
of plates and the output of the other 
pair of dipoles along the line of the 
other pair of plates. The indication on 
the screen will then be a straight line 
whose direction depends upon the rela- 
tive strengths of directional signals ap- 
plied to the deflecting plates. If there 
were only the two directional sidebands 
at the detector input in the radio re- 
ceiver there would be uncertainty be- 
tween directions 180 degrees apart. The 
output of the center antenna, however, 
which is present with the two directional 
sidebands, serves as a reference of sign, 
with the result that the bearing is cor- 
rectly indicated at all times during the 
flight 

The receiver has facilities for choos- 
ing any one of ten frequencies used for 
aircraft communication. Any of the ten 
frequencies may be selected by a dial 
which is similar to the ordinary auto- 
matic telephone dial, and a light in a 
bank of lamps indicates which frequency 
is being received. 
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Aviation's Changing Trends 


By Selig Altschul 

W HILE air line securities were 
sharply lowered on the news of 
the twin plane crash, this weakness 
proved to be of a temporary nature and 
the group showed remarkable resiliency 
in recuperating most of its losses. In 
years gone by, a plane disaster de- 
pressed air line equities for a sustained 
period and required considerable time 
to refurbish investor confidence in the 
industry. 

This changed market behavior is far 
more significant than a mere speculative 
gyration. The stock exchange is not 
only a medium through which securities 
are bought and sold, but to many it is a 
barometer and a reflection of informed 
opinion — opinion which backs its judg- 
ment with hard cash. Viewed in this 
light, the present action of air line 
equities is encouraging to those who are 
optimistic as to the near-term and future 
outlook of the industry. 

It was a number of accidents late in 
1940 together with poor flying condi- 
tions during the early part of 1941 
which were primarily responsible for 
the inferior industry earnings reported 
for the first half of this year. The 
market sensed these and other restric- 
tive factors and air line securities de- 
clined in anticipation of the declining 
earnings as subsequently confirmed by 
published reports. 

The relative firmer markets prevailing 
after the recent plane distasters may in 
part be due to the minimum of “scare” 
publicity present as compared with that 
generated by previous catastrophes. 
More deserving of the headlines were 

such as the torpedoing of an American 
warship and the belligerent attitude of 
John L. Lewis. Probably of greatest 
importance is the basic recognition that 
air transportation is too firmly estab- 
lished to be seriously retarded by oc- 
casional plane crashes. In this in- 
stance, there was again present the ten- 
dency of traffic to decline. To what 
extent this may be attributed to the ac- 
cidents may be difficult to determine. 
The seasonal decline had already set in 
and bad weather was responsible for 
many flight cancellations. The traffic 
levels in the months immediately ahead 
will provide a more accurate test of the 
effects of the October disasters. The 
exigencies of defense activity, however, 
may continue to bolster air line travel 
regardless. 

The individual air line equities 
showed diverse trends and surprisingly 


enough the equities recording the great- 
est losses were not of the companies in- 
volved in the accidents. 

Eastern Air Lines in recent weeks has 
been particularly "heavy” — this despite 
the fact that the company is shortly about 
to enter its highly profitable season. 
Investment trust managements appear 
to be confused in their attitude towards 
this company. For example, during the 
third quarter, two investment trusts, in- 
cluding the Lehman Corp., purchased a 
total of 5,200 shares of Eastern. On the 
other hand, during this same period, 
three funds, including State Street, sold 
an aggregate of 8,200 shares of this 
stock. The gradual decline of Eastern in 
past weeks may be belated recognition of 
pending developments. 

The CAB in a recent action denied 
Eastern’s petition to dismiss the appli- 
cation of other carriers for route certifi- 
cates which would create intense 
competition for the company. It is not 
generally appreciated that a large 
measure of Eastern's success stems from 
its lack of competition. This advantage 
is twofold : The company has a virtual 
monopoly on the business in its area — 
and operating costs — particularly sales 
expense, are lower. Should present 
regulatory trends continue, it is likely 
Eastern’s monopoly ultimately will be 
no more. The CAB in previous deci- 
sions has sought to encourage a certain 
amount of competition between the 
various lines. 

Long overdue is the examiner’s re- 
port on Eastern’s mail rate structure. 
In view of the uncertainty created by a 
similar report on American Airlines and 
the forthcoming clarification expected 
from the CAB on this issue, consider- 
able anxiety will be present until this 
rate question is settled. 

transport industry will be vitally af- 
fected by any rate formula enunciated 
by the CAB. The whole problem has 
been further complicated by the intro- 
duction of a Brookings Institution study 
which suggests that the CAB exercise 
its full rate-making authority to revise 
air passenger fares. This recommenda- 
tion is pertinent in the case of Eastern, 
as that carrier appears to be less de- 
pendent upon mail revenues than any 
other air line and yet has shown highly 
profitable operations. 

A passenger rate reduction ordered 
for one air line will probably set a 
precedent for the industry and can un- 
leash untold repercussions. For ex- 
ample, lower passenger fares will hurt 
the unprofitable lines which may then 


require higher mail pay to meet their 
deficits. Lower air rates will probably 
draw much more business from the 
ground carriers and this may conflict 
with the public interest by adding to the 
woes of the railroads, for example. Yet, 
it is difficult to see how this conflict can 
be effectively avoided. Regardless of 
official CAB action, it is likely that in 
a post-war period, improved airplane 
construction and design, and expanded 
personnel will all be at the disposal of 
commercial aviation. The natural result 
is a substantial reduction in operating 
costs — which in turn will make possible 
lower rates all along the line. Under 
those circumstances, how secure is the 
approximately $100,000,000 now going 
to the railroads annually for mail com- 
pensation? What of the $417,000,000 in 
yearly passenger income now received 
by the railroad industry? More import- 
antly, how much of a dent will the air 
lines make in the $35,000,000,000 in 
freight revenues paid the steam carriers 
last year ? The potential to the air lines 
is indeed staggering when it is realized 
that for 1940, the industry’s total gross 
revenues from all sources aggregated 
but $75,000,000. 

In any event, the air transport in- 
dustry's future progress and develop- 
ment will be shaped by official actions 
emanating from the CAB. Until greater 
certainty as to a regulatory policy is 
established, first one company and then 
another will be on the anxious seat 
awaiting final judgment. 

The favorable action of American 
Airlines may not only reflect its highly 
favorable trend of earnings but may 
also indicate that the company may not 
be required to return part of its 1940 
earnings as recommended by a CAB 
examiner. (This whole question was 
reviewed in detail in the August issue 
of Aviation). Since the release of this 
examiner s report, no end of discussion 
and apprehension has been created on 
the subject and the final CAB findings 
in this matter will not only be of vital 
import to America but will establish a 
momentous decision for the industry as 



the major air lines has been TWA. As 
there has been consistent buying in this 
stock by the Hughes Tool Co., it may 
be safe to surmise that this issue, with- 
out such support, would have been sell- 
ing at much lower levels. Latest reports 
show Hughes as owning 416,650 shares, 
or 44 percent of the total 950,000 out- 
standing. A glance at the company’s 
(Tarn to page 214) 
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POWW 


The Avro Anson 

powered with Jacobs L-G/V lli 
engines, now being manufactured 
in Canada, are equipped with 
Dowry Live-Line hydraulics. 




WARNER 



WARNER AIRCRAFT CORPORATION • DETROIT, MICHIGAN 
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• Has defense put your plant on night work? 

• Do you have to hold high precision on subcontracts? 

• Impossible to get trained "help" and new machines? 


PRIME CONTRACTORS AND SUBCONTRACTORS: 



„T can° leR " ° . 

SstfgiS.-*-- 

11 gH t,mg ««« 




Tliere is no excuse for being 
"slowed down” by poor lighting 
today. Not when you can have 
50 foot candles or better in your 
plant with Ivanhoe "50 FOOT 
candler”, Ivanhoe "100 foot 
Candler” and Miller Troffers 
for your office — the original 
continuous wireway fluorescent 
lighting systems. 

Five years ago you couldn't 
buy this grade of "seeing” at 
any price. Today it will cost you 
a small fraction of a cent per 
man-hour ... to return greater 


and belter production meas- 
ured in dollars. 

In case after case ... in de- 
fense plants of all kinds, large 
and small, handling a wide vari- 
ety of products . . . and under 
varying conditions, these guar- 
anteed continuous fluorescent 
lighting systems have actually 
proven their ability to deliver 
these benefits. Today lighting 
experts pronounce them "the 
neto lighting standard for indus- 
try They can definitely help 
you. Wire for helpful facts. 


THE MILLER COMPANY 




BUYER'S LOG BOOK 

What's New in Accessories, Materials, Supplies, and Equipment 


Refrigerated welding has been made commercially available by Progressive 
Welder Co., 3050 E. Outer Drive, Detroit, Mich., in the development of refriger- 
ating units for spot welding machines. When used in combination with spot 
welders, the unit reduces electrode temperature to a point where, in spite of the 
high heat necessary to produce a weld, the electrodes will be continually covered 
with frost. This temperature reduction is said to have so increased point life 
that 10 minute runs, continuously, at 100 welds per minute without point dressing 
are not unusual for the combination of a Progressive 3-phase aluminum welder 
and the new refrigerating unit. It is also available for other makes of aluminum 
and stainless steel welders. — Aviation, December, 1941. 

Crater eliminator for arc welding is announced by Wilson Welder & Metals 
Co., 60 E. 42nd St., New York, N. Y., in its "Stroco” Electric Arc Crater 
Eliminator for use where presence of typical crater at the end of a weld deposit 
is objectionable. The “Stroco” Crater Eliminator is an auxiliary device mounted 
on body of the arc welding generator. Control is by means of a 3-position 
button located on electrode holder. During usual progress of the weld, switch 
is in neutral position and device is entirely inoperative. When operator is about 
to break his arc either because he is approaching the end of one electrode or 
end of one weld, he presses button backwards into the “Oil” position. This 
brings the "Stroco” Crater Eliminator into play and causes the arc to fade out 
gradually until arc voltage becomes so low that it can no longer deposit any 
metal. Where sections being joined become smaller so that it is desirable to 
reduce current density for limited period, button can be retracted to make slight 
reduction in welding current, then advanced to "Off” so remainder of weld can 
be completed with reduced current. Or, if return to original current is wanted, 
release of pressure on button will let it swing into neutral which will cause 
increase of current to original value. — Aviation, December, 1941. 

For high pressure installation from 1800 to 2500 lb., the Ashcroft Power Control 
Valve is announced by Consolidated Safety Palve Div. of Manning, Maxwell & 
Moore, Inc., Bridgeport, Conn. The new power control valve is said to effect 
a large saving over the 4 percent required for the spring loaded safety valves. 
Immediate results are more accurately balanced boiler operation at peak loads 
and more uniform line pressure. Principle of operation of the Ashcroft Valve 
is as follows : Boiler drum or superheater outlet pressure or steam header pressure 
actuates a pressure control set at popping pressure, which operates an electric 
contact on difference of pressure of 1 percent or less. Electric current is trans- 
mitted to a solenoid which opens and closes the pilot valve. When it opens it 
unbalances pressure over main valve disc and it opens and remains open until 
pilot valve is closed. Whole cycle of operation is almost instantaneous. Power 
control valve opens exactly at popping pressure and closes cleanly with extremely 
low blow-down. The Ashcroft Valve is intended as a supplementary operating 
valve to conserve power of steam plant. — Aviation, December, 1941. 


New Pire Wall Sealer, made by Presstite Engineering Co., 3900 Chouteau Ave.. 
St Louis, Mo., is used in sealing the joint of the fire wall assembly in certain 
military planes. In liquid form, compound is easily applied with a brush and 
it is claimed to set and dry to a tough, permanently flexible, resilient, rubber- 
like body. It is said not to be affected by oil, gasoline, grease or water, and is 
used for preventing gases, fumes, oils, etc., from entering pilot's cockpit. — Avia- 
tion, December, 1941. 

The new defense material, Ameripol Synthetic Rubber, has been successfully 
compounded in the laboratories of Miller Rubber Co., Inc., Akron, Ohio, in 
accord with new exclusive formula which is said to make it the ideal molding 
material for oil seals, v-type packings, accumulator diaphragms and all parts on 
airplane hydraulic systems. It is particularly noted for its resistance to sub-zero 
temperatures, exceptionally low oil absorption, low friction, and ability to be 
fabricated to close tolerances and high resistance to metal corrosion, heat, light 
and ozone. — Aviation, December, 1941. 



Progressive refrigerated welding unit 




Cons. Safety Ashcroft Control Valve 
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in operation 

“Clarks” — fork and platform trucks and towing 
tractors — unload and store materials and parts, keep 
production machines supplied with work, tow ships 
in factory, hangar and airfield, service them at air- 
ports. “Clarks” are gas-powered, capable of 24-hr. 
continuous service. Over 70 models serving the 
aviation industry. Write for catalogs. 

CLARK TRUCTRflCTOR 

Div. of Clark Equipment Co. 

145 SPRINGFIELD PLACE. BATTLE CREEK. MICHIGAN 
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SIMPLIFY 

AIRCRAFT HYDRAULIC SYSTEMS 
WITH GENERAL GONTR[LS 
AIRCRAFT TYPE ELECTRIC VALVES 



on carburetor air intake, 
windshield, etc. ; gasoline 
main line shut-off and 
cross feed valve; hy- 
draulic high pressure 
(1500 lbs.) valve for 
wing flap operations; for 
propeller feathering; 
override valve for emer- 
gency operations; oil di- 
lution valve; engine 
priming valve; for cabin 
heating equipment as 
fuel line shutoff valve. 



General Controls com- 
Valves simplify compli- 



cated aircraft hydraulic 
systems, save dead 
weight, save wire, save 
space. Multi-poised de- 
sign assures positive op- 
eration in any position, 
under all flight condi- 
tions (no stationary 
magnetic valve will do 
this); operation is unaf- 
fected by vibration or ac- 
celeration, i.e. against 
substantial increases in 
“g.”PV Valves are drip- 
proof,— are available 
waterproof. Power con- 
sumption is low; operate 
on D.C. Operation is 
fast, free of sliding parts, 
hence usable on highly 
viscous fluids. Packless 
construction. Available 

mally closed. Limited 
armature movement as- 
sures long life; inserted 
magnetic break in both 
poles guards against fail- 
ure due to magnetic res- 
idual. Wire or write to- 
day for complete engi- 
neering details and valves 
for inspection and test 


GENERAL W CONTROLS 

PIONEERS AND LEADERS IN THE DEVELOPMENT 
AND MANVFACTURE OF MACNETIC VALVES 

801 ALLEN AVENUE, GLENDALE, CALIFORNIA 


I MPROVED designs, new and 
better materials, increas- 
ingly rapid strides in the aero- 
nautical sciences, have made 
possible the super-speeds of 
the planes of today. 

Playing a major part in the 
development of American 
Aviation is 100 octane aviation 
gasoline— produced commer- 
cially for the first time by 
Shell. This is the fuel that has 
made American military ships 
unexcelled in performance, 
speed and flying range. Proved 
by experts, Shell Aviation 
Gasolines and AeroShell Oils 
are preferred by many pilots. 

SHELL OIL COMPANY, INC. 

50 West 50th St., New York, N. Y., 
or IOO Bush St., San Francisco, Cal. 
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Hammond Any-Angle Tool Vise 



Designed particularly for circuit protection on aircraft by the Square D Co., 
6060 Rivard St., Detroit, Mich., the Class 9300 Circuit Breaker is a new com- 
bination of circuit breaker and “on” and "off" switch. Available in a variety 
of ranges, including 10, 15, 20, 25, 35 and 50 amp. sizes, all are offered in same 
small enclosure. 2 A in. long by 181 in. deep and j in. wide. It is completely 
interchangeable with and same size as standard “on” and “off” switch. This 
compact circuit breaker saves space, weight and wiring time; eliminates fuses 
and provides calibrated protection for each circuit, all within one scaled housing. 
For “on” and “off”, the toggle lever is moved manually as with ordinary switch. 
If dangerous over-current is present, toggle lever snaps to "off”. The 9300 
Circuit Breaker is non-trip free, but when manually released, breaker will trip 
if over-current is still present. — Aviation, December, 1941. 


To step up production on small-hole drilling and tapping operations, a new 
series of two, three and four-spindle drilling machines have been introduced by 
Allas Press Co., Kalamazoo, Mich. Drilling heads incorporate well-known ball 
bearing equipped floating drive featured in all Atlas heavy drill presses. Table 
weight of the three and four-spindle machine is reported at 575 lb., furnishing a 
solid support for smooth movement of heavy jigs, fixtures and parts in production 
quantities. Each drilling head is equipped with own motor mounting and new 
type of positioning control with crank handle. Table surface (3 and 4-spindle 
machines) 21x54 in. spindle travel 4 in. — Aviation, December, 1941. 


Development of a full automatic barrel cleaning and plating machine for 

handling small parts in bulk has been announced by Udylile Corp., Detroit, Mich. 
The machine is being used to zinc and cadmium plate aircraft engine parts con- 
tinuously. Said to offer radical improvements over existing machinery, it makes 
possible complete finishing of small parts with minimum of labor expense. It is 
completely automatic in that the parts are progressively subjected to various 
cleaning, rinsing, pickling, plating and drying operations without manual handling. 
The only manual labor required is at either end of machine, eliminating 8 to 10 
hand operations. Operators need no rubber gloves, boots or aprons, and do not 
come in contact with material until after it is discharged clean and dry. Tanks 
in plating barrels have sufficient anode and solution capacity to maintain correct 
metal content without addition of metal in salt form. — Aviation, December, 1941. 


Any-Angle Tool Vise, designed for grinding chip-breaker grooves into tips of 
carbide tools and formerly furnished only as a part of the Hammond "4” Chip 
Breaker grinder, has now been placed on the market as a separate unit by 
Hammond Machinery Builders, Inc., 1638 Douglas Ave., Kalamazoo, Mich. 
Complete in itself, the vise is mounted on a lug which is easily fitted to a machine 
table. New vise is constructed on a double-cradle principle permitting adjust- 
ment of grinding angles on three separate planes. Two closely machined steel 
blocks, rounded on bottom, are cradled into each other at right angles. After 
adjustment, they are solidly locked together by tightening cam locks operating 
in machined segments at ends of respective blocks. Absolutely no vibration or 
deflection is permitted, it is said. — Aviation, December, 1941. 

Addition of a new series No. 7 line of Power Squaring Shears built in 4 to 12 
foot cutting lengths and . capacities from % in. to 10 gage is brought out by 
Niagara Machine & Tool Works, Buffalo, N. Y. These shears are of underdrive 
design with drive including flywheel, gearing, clutch, eccentrics and connections 
completely enclosed and operating in a bath of oil. Camber or curl of narrow 
strips is said to be eliminated, and more working strokes per hour are possible 
by high operating speed of 60 strokes per min. — Aviation, December, 1941. 

A special Air-Operated Projection Spot Welder, No. 600-KKD, was placed on 
the market recently by Eisler Engineering Co., Inc., 740 So. 13th St., Newark, 
N. J. This machine is arranged with special welding jigs and fixtures for 
welding fins to steel tubing. No individual jig is needed for loading the work. 
There are 56 points of heat control, and the transformer secondary, welding dies, 
and mandrel are water-cooled throughout. The rotating mandrel is operated by 
air and fully automatically controlled. Pressure for each set of air cylinders can 
be regulated individually to meet any specific requirement. The machine is so 
wired that the ejector mechanism cannot operate while the welding dies are in 
motion, nor will the welding dies operate while the ejector mechanism is in 
motion. Actual welding time is controlled by automatic timing equipment. 
Production is about 200 finished pieces per hour. — Aviation, December, 1941. 
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A synthetically covered flexible electrical conduit, Ainerflex-26, is being pro- 
duced by Searle Aero Industries, Inc,, Hawthorne, Calif. This conduit, it is 
said, possesses 30 to 40 percent longer life because of greater flexibility, heat 
resistance, and oil and solvent resistance, and is 47 to 54 percent lighter in 
weight. It is specifically adapted for use in motor nacelles, behind instrument 
panels, and inside airplanes where wiring might be exposed to grease oil or dust, 
although it is available without covering, where such protection is not required. 
Any length up to 25 ft., with or without standard or special fittings, may be 
supplied. — A viation, December, 1941. 

To provide vibration-proof fastenings in aircraft construction, Elastic Stop Nut 
Corp., 2332 Vauxhall Rd., Union, N. J., now offer their anchor type nuts for 
blind mounting applications. The bolts, which are inserted from the outside, 
pass first through the removable plate used to cover hand holes, inspection 
openings, etc., and then through the structure into the stationary nuts. Every 
nut incorporates basic Elastic Stop self-locking feature, and the nuts are offered 
in a wide range of sizes, materials and thread systems. — A viation, December, 
1941. 


Ace Spot Welders made by Pier Equipment Mfg. Co., Milton & Cross Sts.. 
Benton Harbor, Mich., are now offered with a new type of precision Timer for 
automatically controlling welding time period. Thus equipped, welding time 
can be quickly selected, hourly production increased, and uniform welds assured, 
company claims. Provision has been made for simple easy adjustment, there 
being three concentric scales on a convenient direct-reading dial. Adjustment 
range is from 3 to 47 cycles (3/60ths to 47/60ths of a second), calibrated in one 
cycle steps. Once timing dial is set for a job, depressing of pedal is followed 
by closing of welder contactor, energizing welding circuit and timing element. 
At end of selected time period, contactor is automatically tripped and welding 
circuit opened. — Aviation, December, 1941. 




Whiting portable et 


Simplicity and ease of handling are features of the new portable engine assembly 
stand announced by Aviation Dept., Whiting Corp., Harvey, III. Originally 
designed by Karl 0. Larson, chief engineer of Northwest Airlines, it has been 
service tested and is available for all makes of radial engines. — Aviation, 
December, 1941. 


A complete new line of hydraulic disconnect couplings is announced by Bendix 
Aviation, Ltd., Union Air Terminal, Burbank, Calif. The Bendix coupling is 
so designed that, when attached, the area of passage through the Valve is every- 
where equivalent to the inside diameter of a standard fitting. As soon as the 
coupling nut is loosened, sleeve valves in the two halves of the coupling close so 
that no fluid is lost from either side of the line. The coupling nut seals with a 
very light pressure so that it is never necessary to tighten it with a wrench.— 
Aviation, December, 1941. 



Only 6V4 in. in overall length, and with a speed of 17,000 r.p.m. for wheels up 
to 2 in., the recently announced Aro Model 22BGS Grinder has been designed by 
Aro Equipment Corp., Bryan, Ohio, as a pneumatic grinder that is compact and 
sufficiently light for one-hand operation, yet rugged and powerful. New grinder 
is said to have undergone extensive tests in actual use in aircraft and other 
industrial plants throughout the country. It is equipped with large precision 
type ball bearings, and is available with cither lever or button throttle and with 
spindle extension and collets of various sizes. — Aviation, December, 1941. 



Aro Model 22BGS Grinder 



ERASURE- GHOSTS 


DEFY 

with this new tracing cloth 


Here is a tracing cloth ihat holds erasure scars at 
a minimum — that won’t show water marks or per- 
spiration stains. Now you can have clean tracings, 
in pencil or ink, free from these untidy "ghosts" 
that reproduce on blueprints! 

For PHOENIX is ghost-proofed by a remarkable 
new process that defies moisture and gives you an 
unusually durable working surface. You can use 
harder pencils with this improved cloth and get 
sharper lines with less tendency to smudge. Even 
6H lines show clearly, and reproduce sharply! 
Erasing docs not mar the drawing surface; erased 


areas take pencil smoothly— and ink without 
feathering. Its new white color and increased 
transparency give you excellent drawing contrast 
and produce strong blueprints. 

Let PHOENIX prove its virtues on your own 
drawing board. See your K&E dealer, or write 
for a generous working sample and an illustrated 
brochure. 


PHOENIX REDUCES 
ERASURE GHOSTS 


PHOENIX DEFIES 
MOISTURE GHOSTS 


PHOENIX LESSENS 
SMUDGE GHOSTS 


TRACING CLOTH 


PHOENIX 




for pencil and ink 






HERE’S SOMETHING NEW* 
IN RIVET SETS 


‘Cupforged— Compare meter 
Inspected 

For Longer Wear and Greater Precision 

Keep out in front! Make it better or don’t make it! 
There’s no digression from this policy at Aero Tool. 
Typical are these years-ahead Flush and Cup Type 
Rivet Sets. 

Aero Tool Rivet Sets are "Cupforged" to last longer 
and retain their precise shapes — They’re Microglass 
Finished — won't mar the most delicate skin or surface 

ter Inspected for surface finish and dimensional accu- 
racy. Available in all standard sizes and lengths, Brazier 
or Round Head Types, 


WES! TRENTON 
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Knu-Vise #830 Midgel Toggle Clamp 



New Midget Toggle Clamp is announced by Kuii-Visc. Inc.. 16837 Hamilton 
Ave., Detroit, Mich. Furnished complete with spindle and rubber cap. measuring 
but 4 in. x 1$, a pressure in excess of 500 lb. is said to be obtained with this 
model #830 clamp. Because of its small size and great holding strength the 
new Toggle Clamp should be ideally adapted to aircraft work. — Aviation, 
December, 1941. 


A fast accurate method for radiographically inspecting cylindrical aircraft 
engine bearings is provided by the new G-E Bearing Mandrel Cassette made by 
General Electric X-Ray Carp., 2012 Jackson Blvd., Chicago, 111. Total inspection 
time required to x-ray 20 bearings is reduced to about 10 minutes. Unit has 
four 19-in. mandrels, each having capacity of four or more bearings depending 
on length of bearing examined. A full length film is wrapped around mandrel 
and is then covered with black celluloid for protection. When placed in machine, 
the loaded mandrels are rotated 360 deg. by electric motor drive unit so that 
entire surface of bearing is exposed to x-radiation. Film thus gives operator 
full view of uniformity of internal metal content of bearing. Mandrel travel 
can also be arranged to be controlled automatically so full surface of bearing is 
x-rayed in 60 deg. sections. — Aviation, December, 1941. 


A lever switch constructed to meet the need for a heavy duty, multiple contact, 
positive action type is offered by Donald P. Mossman, Inc., 6021 N. Northwest 
Highway, Chicago, III. Designated No. 4101 Lever Switch, design affords 
great flexibility of contact arrangements with either locking or non-locking 
action. It is therefore available in an almost unlimited series of combinations of 
contact assemblies, which may built up to suit your specific requirements. Con- 
tact ratings for standard heavy duty contacts, ft in. dia. fine silver, 10 amps. — 
110 v., a.c. (non-inductive); extra heavy duty contacts, $ in. dia. Gibsiloy, 20 
amps. — 110 v., a.c. (non-inductive). Breakdown rating of springs to ground — 
2000 v., a.c. Positive action is said to be reliable and independent of the pressure 
of contact springs. Corrosive resistant materials or heavy plating is used through- 
out. — Aviation, December, 1941. 



The new two-station electrical induction surface hardening and heating unit 
which has been introduced by Ohio Crankshaft, Inc.. 4000 Harvard Ave., Cleve- 
land, Ohio, is adapted to brazing, heating for forging, stress relieving and solder- 
ing as well as surface hardening. Called the Tocco Junior, it has a 20 kw. output 
and is able to treat small and medium size parts of an unlimited variety. The 
new unit is said to provide double the production capacity, with no appreciable 
increase in power consumption of the original one-station 20 kw. Junior, and 
can operate at full power capacity nearly 100 percent of the time. One operator 
handles both stations, preparing one fixture as other is hardening. Typical air- 
craft uses, among others, to which the machines have been put are brazing tubes, 
engine accessories and fuselage parts. — Aviation, December, 1941. 



Complete line of standard ’ ’stock” carbide tipped cutting tools, comprising six 
styles and 46 stocked sizes, are being made on a mass production basis by the 
Tungsten Carbide Tool Co., subsidiary of Michigan Tool Co., Detroit, Mich. 
All tools have diamond ground edges and are ready for immediate use. Types 
for cast iron, steel and non-ferrous metals arc included, and the tools are designed 
to cover the large majority of all turning, boring and facing requirements. They 
may be easily converted into special shapes by simple grinding operations. Styles 
and sizes suitable for cast iron and non-ferrous metals are furnished with grey 
shanks, those for steel with black. — Aviation, December, 1941. 



o Crankshaft * TOCCO Ir. 


Tungsten standard cutting tools 
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America . 

BIRTHPLACEoi 


The creative genius of the aircraft industry 
is strikingly revealed in production activi- 
ties at Vought-Sikorsky. Four distinct types 
of aircraft are now being built: 

★ The Navy’s standard observation scout 

★ The first successful American helicopter 

★ A Navy fighter hailed as America's fastest 

★ The first non-stop trans-Atlantic transport 
And on the drafting boards even more 
revolutionary types are being created. 


VOUGHT * SIKORSKY 

AIRCRAFT 

STRATFORD • CONNECTICUT 



NATIONAL AVIATION 








SIX MORE PLANTS 
IN FIVE STATES 
ON THE WAY 



ALUMINUM, 
DEFENSE, 
AND YOU 

f 







ALUMINUM COMPANY OF AM 


C A 


cadet opERATORs-jfee/> 'em flying! 



Cadets Log More Hours at Less Cost for Greater Profit 



PERFORMANCE FEATURES 



MAINTENANCE FEATURES 

CONSTRUCTION FEATURES 

Dual Controlled Hydraulic Brakes • 1 80° 

Replaceable Ball and Bronze Bear- 

Balanced Rudder • New Inte- 

Steerable Tail Wheel • Parking Brakes 

ings • High Pressure Lubrication 

rior Cooling • Patented Time 

• Military Type Toe Brakes • Tandem 

Fittings • Quick Detachable Engine 

Saving Fabriclips • Inter- 

Seating— Fly Solo from Either Seat • Add- 

Cowling • Self Aligning Ball Bear- 

changeable Airframe Parts • 

ed Rear Visibility • Full View Instrument 

ing Aileron Controls • Extra Large 

Single Unit Hydraulic Shock Ab- 

Panel • SO-lb. Increased Load Capacity. 

Inspection Plates. 

sorbers •AirlinerTypeTrimTab. 






T 1 HIS is a complete, practical manual for those aiming for, o 
in airplane factories or as airplane mechanics. It 
of the mechanic’s work, the procedures, and all the deti 
in clear, simple text and many illustrations. It makes 
of airplane structure, flight, and operation ; describes every 
facturing light and heavy airplanes; and gives instruction! 
inspection, servicing, and repair jobs of airplane maintenance. 


r ^ 

At last ... 

the one complete, practical manual of 
modern methods to help you excel in 

AIRPLANE MECHANICAL WORK 


THE AVIATION MECHANIC 
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AVIATION MANUFACTURING 
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AVIATION ABROAD 
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every fool of the woy! 

That is whal Kollsman has achieved in its newest 
sensitive altimeter, now being produced for the 

The incredibly sensitive diaphragm of this instru- 
ment expands less than 15/64 of an inch between 
sea level and a nine-mile ceiling! 

Yet this tiny movement — an average of only 
.00009 of an inch for each 20-ft. calibration— send; 
the large pointer around the dial 50 times for c 
lateral travel of more than 37 feet. 


At lower altitudes, control of expansion is a rela- 
tively simple matter. But as the troposphere one 
stratosphere are reached, each 1,000 feet of climfc 
multiplies rapidly the problem of precise barometrit 
measurement and temperature compensation. 

Such an instrument is the highest expression ol 
Kollsman precision work and forward-looking policy 
to keep abreast of the finest military aircraft toda) 
... to build for the future when passengers, mai 
and cargo will be carried 50,000 feet in the sky 


KOLLSMAN 

F R i C I S 1 1 1 illCUfl IMSTRBMENTS 

(iOr/WM/ 

SQUBBE J] COMPQNY 
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-i; Grumman versatile pocket amphibians, "the airplanes 
of a hundred uses,” are now performing inshore and 
coastal patrol duties for the U- S. Coast Guard at their bases 
on the Atlantic, Pacific, Gulf Coast, and the Great Lakes. 
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guard 
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GRUMMAN AIRCRAFT ENGINEERING CORPORATION 


BETHPAGE, LONG ISLAND, NEW YORK 
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Sperry Gyroscope Co. has separated the adminis- 
trative and executive functions of its engineering 
and sales departments. P. R. Bassett, v.p.-engineer- 
ing. retains executive direction of engineering and 
E. C. SPARLING (I.), new chief engineer, assumes 
administrative duties. R. B. Lea, v.p.-sales, retains 
e direction of sales, and M. L. PATTER* 
v general sales manager, takes on 


Headquarters, Army Air 
Forces, at Washington, 
is LT. COL. ARTHUR 
I. ENNIS. He had pre- 
viously been Chief of 
the Still Picture Sec- 
tion, Pictorial 8ureau. 


FONTAINE 


of the Engineering & 
Development Dept, of 


Aircraft Tools. Inc. has 
appointed GLEN PERI- 
MAN factory manager. 
Formerly chief tool de- 
can Aviation, he was 
with Douglas for nine 
years previously, in 
charge of small tools. 





K. R. JAMESON, form- 
erly with Pacific Air- 
motive Corp., has been 
elected vice president 
in charge of sales of 
Airplane Manufacturing 
& Supply Corp., accord- 
ing to Earl Herring, 
president. 






manded by CAPT. M. 
A. MISCHER. Com- 
missioned at the Naval 
Operating Ease at Nor- 


dispiaces approximately 


The American Society 
suffered the loss of 




New appointments at Chandler-Evans Corporatton 
are HOWARD L. HARTMAN (I.) as assistant gen- 
eral manager, and THOMAS D. HOGG (r.) as fac- 
tory manager. For seven of his eleven years with 
Pratt & Whitney Aircraft Division, Mr. Hartman 

moted from shop superintendent, having joined 
Chandler-Evans in 1939 as superintendent. He was 
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Recent Books 


Am Base, by Boone T. Guyton. Pub- 
lished by Whittlesey House, McGraw- 
Hill Book Co., New York. 295 pages, 
*2.50. 

This is one of the most interesting 
books about Navy flying that we have 
seen in a long time. The author is now 
test pilot for Vought-Sikorsky. After 
he left Pensacola a few years ago he 
was assigned to the North Island base • 
at San Diego, where he spent four 
years when he was not at sea with the 
carriers. Then he went to France where 
he served the first six months of the 
present war testing navy planes. 

In the Navy he flew in a dive 
bomber squadron and his book describes 
the life and activities involved in such 
work. There is a vast amount of in- 
formal, behind-the-scenes Navy talk 
which has not been previously told. 
The book will interest Navy men, as 
well as the thousands of young men to- 
day who hope to become Navy pilots. 


Machine Shop — Theory and Practice, 
by Albert Wagoner and Harlan Arthur. 
Published by D. Van Nostrand Co., New 
York. 306 pages. Paper bound, *1.60. 
Cloth bound. *2.28. 

Written for beginners in machine 
shop work, this book devotes 19 chap- 
ters to all phases of such work. The 
page size is large, giving ample room 
for scores of excellent illustrations. The 
authors are with the Henry Ford Trade 
School and the Ford Apprentice School. 

Aircraft Layout and Detail Design, 
by Newton H. Anderson. Published by 
McGraw-Hill Book Co., New York. 306 
pages, 83. 

The author is an engineer at the 
Douglas Aircraft Co. and has been 
cited as "one of the company's most 
experienced and highly skilled engi- 
neers." The book was written for two 
groups of men : those who already un- 
derstand something of aircraft draft- 
ing and who want to prepare them- 
selves for better jobs in layout and 
design work; and for men who are ex- 
perienced in design or manufacture out- 
side airplane work and who want to 
adapt their experience or training to 
aeronautical work. 

The book covers three main subjects 
with which every good aircraft layout 
draftsman must be familiar: descriptive 
geometry, detail design, fitting analy- 
sis. Chapter headings are: require- 
ments for a good layout, descriptive 
geometry for aircraft layout, airfoils, 
general design considerations, connec- 


tions, fabrication methods, fundamental 
principles of fitting analysis, strength 
calculations for riveted and bolted 
joints, bending and torsional stresses, 
strength of struts and columns, design 
of thin web beams, and an Appendix 
containing useful tables. 

Aircraft plants today are filled with 
young men who have managed to get 
their first job but who are searching 
desperately for ways in which they 
can climb the ladder to a better job in 
aviation. This practical book will be 
of help to all those eager to learn more 
about layout and detail design. 


Dynamic Meteorology. By Bernhard 
Haurwitz. Published by McGraw-Hill 
Book Co. 365 pages, *4.00. 

Much of the progress of meteorology 

application of the laws of thermody- 
namics and hydrodynamics to the 
study of the atmosphere and its mo- 
tions. In this book is presented a con- 
cise treatment of the laws that oper- 
ate in the atmosphere. It stresses those 
results of dynamic meteorology which 
are of importance to the practical fore- 

Some preliminary training in gen- 
eral meteorology will facilitate study of 
the book and a good mathematical back- 
ground is essential, although the mathe- 
matical technique has been kept as 
simple as possible. Recent advances 
which have led to airmass analysis, 
frontal and isentropic analysis and the 
wave theory of cyclones have been in- 


“Wb Made a Mistake,” by Laden 
Zacharoff. Published by D. Appleton- 
Century, New York, 213 pages, *2. 

This book is about Russia and the 
title is a quotation from Hitler who 
said: “We made a mistake about one 
thing — we did not know how gigantic 
the preparations of this opponent 
against Germany had been.” 

Zacharoff has written a heartening 
book because he reveals the thorough 
preparations Russia has been, making 
for a number of years. Her collection 
of airplanes, tanks, mechanized equip- 
ment, warships and submarines, as well 
as the training of civilians for war 
duty make an impressive story. Most 
of us, who expected that Russia would 
be another pushover for Hitler's 
hoards, have had a constant series of 
surprises. This book tells why the Rus- 
sians have done so well. 

One of the most interesting parts of 
the book deals with guerilla troops, en- 
circlement and how civilians have been 
trained for war work. The book is well 


written, many personal stories are in- 
terestingly told, and hundreds of facts 
and figures back up the author’s con- 
tention that the seeds of Hitler's defeat 
have already been sown in Russia. It 
is also emphasized that U.S. airplanes 
and other combat equipment are badly 
needed. 

Zacharoff is an associate editor of 
Aircraft Publications and has written 
articles for Aviation and a number of 


Air Mail Payment and the Govern- 
ment, By F. A. Spencer. Published by 
The Brookings Institution. 402 pages, 


The author of this book, unlike those 
of many similar works, has actively 
participated in the aviation industry 
for some years. He has conducted an 
authoritative analysis of problems in 
that area, so inadequately explored, 
where economic and administrative 
issues are closely intertwined — a field 
whose importance is increasing with 
the addition of more and more regula- 
tory agencies in the federal govern- 

He has traced from the beginning 
the issues and problems encountered in 
determining the amounts of remunera- 
tion going to the airlines for carrying 
the mail, analyzing all the decisions of 
the Civil Aeronautics Board and 
predecessor agencies dealing with ad- 
justment of air mail compensation. The 
text also includes a discussion of what 
has been the most vexing problem of 
rate regulation — that of the measuring 
rod for profits, commonly known as 
the rate base. 


A Pilot’s Meteorology. By Charles 
Greham Halpine. Published by D. Van 
Nostrand Company, Inc. 22(1 pages, 
*2.50. 

Though dealing with a highly tech- 
nical subject, this compact volume 
makes easy reading for the students 
and “just average pilots” who do not 
need to master professional meteorology. 
The author has sought to reduce to 
simple terms the basic truths and prin- 
ciples of meteorology, without the math- 
matical formulas, complicated dia- 
grams, advanced physics and differen- 
tial equations, to the end that those 
who fly the airways for pleasure and 
business may be better and safer pilots. 

The author is a retired Lieutenant 
Commander of the U.S. Navy, and is 
now a member of the staff of the 
Weems System of Navigation and 
Ground School Instructor at the Uni- 
versity of Maryland. 

(More Books on page 196 ) 
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FOR A COMPLETE, all-purpose method of making prints— and today 
the demand is for a service more versatile than blue-printing— the Ozalid 
Process offers a full line of sensitized materials and Whiteprint machines 
that combine exposure and dry development in one compact unit. 

By using the Ozalid Process, you get— in a matter of seconds— positive- 
type whiteprints of engineering drawings or anything written, typewritten 

or drawn on reasonably translucent paper prints that are true-to-scale, 

durable, and will not wrinkle or curl. 

With this all-purpose process you get . . . SUCH STANDARD MATERIALS 
as papers producing black, blue or maroon lines on a white background 
. . . transparent materials including transparent papers, cloth and foils . . . 
SUCH SPECIALTIES as paper laminated on cloth . . . airmail weight paper 
. . . paper coated on both sides . . . opaque cloth . . . correctors for eradi- 
cating line detail . . . SUCH SERVICE as fast— economical— print making. 

Ozalid whiteprints are made simply by placing the original on a piece 
of Ozalid sensitized material and feeding both into the machine. Exposure 
and dry development are combined in the machine to produce a finished 
print that is dry, ready for immediate use. Ozalid transparent duplicates 
are produced the same simple way. 

Compare this quick, complete process with the indirect way of making 
blue prints which requires washing— fixing— drying and trimming. Elimin- 
ate unnecessary production tie-ups by installing an Ozalid machine. Write 
for illustrated literature today. 


OZALID PRODUCTS DIVISION 

GENERAL ANILINE & FILM CORPORATION 

JOHNSON CITY, N.Y. 


NECESSITY BROUGHT 
ABOUT BY WORLD WAR 
NUMBER 1 

FURNISHES PROVING GROUND 
for NO-OX-ID 

• After World War 
Number 1, NO-OX-ID Rust 
Preventive was used success* 
fully for treating inside as 
well as outside 'of airplane 
engines for preservation in 
long time storage. After 15 
years these engines were usa- 
ble. 

• NO-OX-ID “EEE” 
(Triple E) is the resulting 
product of constant research 
keeping pace with changing 
developments in engines. 

• NO-OX-ID in its 
chemical structure and con- 
sistency has a proven record 

maintenance and preserva- 
tion. It is a well-known, ac- 
cepted preservation material 
in industry and designed for 
specific purposes. Write for 
complete information. 

DEARBORN CHEMICAL COMPANY 
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Mobile Shops 

( Continued from page 63) 


and observation squadrons. In order to 
supply these squadrons with complete 
airplanes and still have a reserve pool 
of ships on hand, it maintains an Air 
Park, comprising enough commissioned 
airplanes to fill the replacement needs 
of the four combat groups. When the 
supply in the pool begins to get low 
more ships are dispatched from the 
larger air depots located back in the 
zone of the interior. 

Under many conditions of combat it 
is impossible for this mobile depot to 
carry on all types of maintenance. 
Under ideal conditions it can maintain 
the whole airplane including the en- 
gine and instruments. However in an 
extremely active battle, either on the 
offensive or defensive, the amount of 
work carried on is dictated by the situ- 
ation. Governed by the fundamental 
rule of war that the objective is the 
ultimate goal at any cost, equipment is 
abandoned if time does not allow its 
repair. In the offensive under these 
conditions, damaged equipment that re- 
quires too much time to service on the 
spot, is shipped back to the mainte- 
nance depot in the zone of the interior 
to be repaired. In the defensive under 
these conditions it is left for the 
enemy, being destroyed whenever pos- 

When the depot has been assigned to 
a certain area in which to operate, and 
it is obvious that it will be there for 
some time, it “digs in" and all of the 
mobile equipment is temporarily fixed 
in place with the portable hangars and 
shop buildings erected. Large lathes 
and other machines more easily op- 
erated in large areas, are placed on ce- 
ment foundations erected on the spot. 
Cement floors arc also laid and the 
equipment is taken out of the trucks 
and trailers and placed in the most ef- 
ficient arrangement. Fields are leveled 
to make better airports atid in general 
the base is made as permanent as pos- 
sible. Here again the extent of the 
permanency is governed by the situa- 
tion on hand and it is up to the judg- 
ment of the commanding officer to de- 
cide just how far they will go. 

However it is not always possible to 
remain in one place for rather long 
periods of time, in fact they may have 
but a couple of weeks in which to op- 
erate. In this case the work is carried 
on right in the trucks, which are 
equipped to function much like a side 
show does when a circus is on the road. 
In this case the trucks form the main 
units of the base with temporary jacks, 
lifts, work stands and such equip- 


ment taken out when it is needed. 

When a crash has been reported to the 
mobile depot group, a reconnaissance 
is made immediately to determine the 
extent of the damage and the accessi- 
bility of the airplane for repair. To 
facilitate making these observations as 
rapidly as possible, the unit has been 
furnished with numerous types of 
transportation ranging from motor- 
cycles to Basic Combat type airplanes 
which fly over the scene of the wreck. 
When it is possible, equipment is trans- 
ported by land, water or air to the dam- 
aged airplane along with the necessary 
men to do the repairing. If this is not 
practical, however, the ship is brought 
hack to the mobile depot base and there 
serviced. 

The Air Depot Group is commanded 
by a Colonel who has under him officers 
and enlisted men. Unlike the depots in 
the zone of the interior, no civil serv- 
ice personnel are employed. Included 
in the men assigned to the depot group 
are detachments from the Medical 
Corps, Ordnance Corps, Signal Corps. 
Quartermaster Corps, Chemical War- 
fare Service and the Corps of Engi- 
neers. These troops are necessary to 
carry out all of the auxiliary functions 
which assist the men from the Air 
Corps, which form the basis, in main- 
taining the airplanes. It is the number 
' of troops from these assigned units that 
are varied to meet the situation pre- 
scribed by the section of the country 
in which the depot is going to operate. 
In numerous situations the Navy may 
be called upon to furnish transportation 
over water, or Marines to overcome 
resistance, any or all of which may be 
made an integral part of the Mobile 

The unit is headed by a head- 
quarters squadron. Under this come 
the repair squadrons and the supply 
squadrons, which, together with the nor- 
mal component of assigned troops, totals 
16 officers and 160 enlisted men, prac- 
tically all of which have specialists' rat- 
ings. Included in the equipment is all 
of the necessary machinery to carry 
out maintenance work on the airplane, 
engine and instruments. This means 
welding and riveting apparatus, ma- 
terial for jigs, jacks, lifts, lathes, 
grinders, honers, instrument testing 
apparatus etc. Being prepared for 
large scale operations the mobile depot 
has as part of its assigned equipment 
such machines as a steam shovel, a 
steam roller, bulldozers, numerous heavy 
and light trucks, portable hangars, 
shops and warehouses, and six airplanes. 

It is upon these units that the me- 
chanical efficiency of the Air Corps is 
now resting. They are a fundamental 
unit of the fighting force designed to 
keep pace with the fast moving modern 
war, but above all to “Keep ’em Flying". 
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TO A SECOND CENTURY OF PIONEERING! 


The past— despite its achievement— is behind. The opportunity to continue to grow, to further 
achieve, to serve industry in even greater measure, is in the future. 

» » That is why Roebling— at the celebration of its 100th Anniversary— LOOKS AHEAD— looks 
ahead with confidence to new opportunities to Pioneer in Wire— new opportunities to develop the 
finest wire and wire products that aggressive research, unequalled experience, and the most modern 
of manufacturing facilities can make possible. 
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tributing the paper judged most valu- 
able of the year to aircraft research! 
and was based on a paper presented 
by Johnson at the Detroit meeting in 
January-, 1940. 

Time is the biggest bottleneck of all, 
and morale is the hidden ingredient that 
will win the battle of production in 
defense of democracy, said T. P. Wright, 
OPM, in giving an account of our pro- 
duction position at the Friday evening 
session. Former vice president in charge 
of engineering for the Curtiss-Wright 
Corp., and now serving as chief aircraft 
production consultant to the OPM, 
Wright is the best qualified man in 
America to evaluate our present place in 
the production effort. His words were 
cheering. Acknowledging that there 
had been some cause for criticism a year 
ago, Wright outlined the progress made 
since that time and concluded that re- 
sults were more than satisfactory. He 
stated that our rate of production ex- 
pansion in the past year had exceeded 
anything done at any time either in Ger- 
many or England. For the future there 
is now every assurance that the diffi- 
culties still hindering aircraft produc- 
tion will have been surmounted before 
next summer, giving us a smooth flow- 
ing aircraft production schedule ex- 
ceeding anything that would have been 
believed possible as recently as a year 

A detailed analysis of the develop- 
ment of Blitzkrieg tactics was given at 
this same session by A. T. Colwell, 
S.A.E. president,* together with a for- 
mula for stopping Blitzkrieg. Colwell 
showed how the Germans have taken 
advantage of the internal combustion 
engine to develop a new technique in 
applying the same principles of war- 
fare. This use of motorized armored 
equipment, both on the ground and in 
the air, has succeeded because it was 


opposed, by old armies. Perfection of 
our production capacity to give equality 
of armament and mechanization to the 
forces opposing Hitler’s panzer forces 
will stop this world threat. 

Although war was the shadow which 
overhung the entire meeting and in- 
jected itself into most of the discus- 
sions, there was one paper which broke 
away completely from the military, mo- 
tif. This was the discussion by W. B. 
Stout of his work in perfecting a new 
type light airplane and engine, designed 
for the after-the-war market. A capac- 
ity crowd turned out to hear the inimi- 
table “Bill” Stout and they were not 
disappointed. His presentation was as 
entertaining as it was educational. And 
the speaker was mobbed at the conclu- 
sion of his talk by inquisitive engineers 
who wanted to get their hands on the 
multi-piece crankshaft, centrifugally cast 
steel cylinder, and other engine parts 
which Stout had brought along for their 
examination. 

While Stout did not claim that his 
work was yet assured of success, ad- 
mitting that much testing and experi- 
mentation remained, yet there was in 
his report the feeling that a whole new 
field had been opened for expansion of 
lightplane design, as well as for the 
application of new engineering ideas 
both to airplane and engine develop- 
ment. Starting with an analysis of the 
light airplane for a mass market, Stout 
carried through step by step to the de- 
tailed description of his cantilever, high 
wing, two place airplane of stainless 
* steel construction, with four wheel land- 
ing gear, and a 120 hp. engine of conven- 
tional four-cylinder flat arrangement, 
but of radical structural design. 

In development of his airplane design 
Stout has worked with stainless steel 
with the thought that perfection of its 
application to a very small plane would 
make it easy to apply this material to 
larger designs where thicker sections can 
be employed. With a skin surface of only 
.006 thickness the wing skin is kept 
from wrinkling and “oil canning” by 
putting it under internal air pressure 
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AIRACOBRA BUILDS MILE-HIGH 
RAMPART. . . IN TWO MINUTES FLAT! 


There are more than 50 
B. F. Goodrich products now 
serving the aviation industry 
—on planes of all types. These 
include B. F. Goodrich Silver- 
town Airplane Tires, the 
safest airplane tires ever built 
. . . Expander Tube Brakes*, 
which make braking smooth 
... and famous B. F. Goodrich 
De-Icers, which make flying 
safer in all kinds of weather. 
For complete information 
about any of them, write, by 
airmail, to B. F. Goodrich 
Company, Aeronautical Divi- 
sion, Akron, Ohio. 

are manufactured 'under license and 
sold by Hayes Industries, Inc,, Jack- 

Aviation Corp,. South 


Z-O-O-OM ! In two minutes 
Bell's lightning-swift Aira- 
cobra is a mile in the air- 
ready to ward off hostile 
aircraft before they reach 
their goal. 

Another Bell. too. is win- 


ning its service stripes in 
defense of democracy . . . the 
Bell Airacuda ... a swift 
multiplace fighter designed 
for use with or against long- 
range bombers. 

Many of these famous Bell 
ships now rolling off pro- 
duction lines are B. F. Good- 
rich equipped. They land 
safely and smoothly, thanks 
to B. F. Goodrich Silvertown 
Airplane Tires — the tires 
that are serving right now on 
many of our country’s fore- 
most fighting planes. 











appointed Chief Engineer of Adel Pre- 
cision Products Corp. Tharratt showed, 
by means of liberal use of slides and 
through a humorous off-the-cuff pres- 
entation, how substitution of perspec- 
tive drawings and sketches for blue- 
prints on the final production line has 
greatly simplified assembly problems 
and saved hundreds of engineering man 
hours in liaison work. Such drawings 
are now being widely applied, by many 
aircraft companies, to engineering and 
maintenance work as well as to produc- 
tion. One of the chief problems has 
been to find and train men who were 
properly qualified both as engineers and 
illustrators. This is now being solved 
through use of engineer-illustrators as 
lead men with each illustration group, 
using a staff of men who are selected 
from among commercial artists and 
art students. 

Sweet music to the ears of aircraft 
men was the multi-authored paper on 
the lessons learned by the Briggs Mfg. 
Co. in getting into production ’ on air- 
craft assemblies. Prepared by H. H. 
Budds. F. VV. Hofman, E. E. Lund- 
berg, H. T. Plata, and H. J. Roesch, 
all of the Briggs Mfg. Co., this paper 
was presented by Joseph Geschelin, 
editor of Automotive Industries. The 
authors freely admit that automobile 
men have learned much about quantity 
production of aircraft from the aircraft 
people, and still have much to learn. 
Much progress is being made in the 
development of high speed assembly 
methods. One explanation for any lack 
of cooperation which may have been 
charged against aircraft people is that 
their key personnel has been spread so 
thin by the tremendous expansion pro- 
gram of the past year that they simply 
do not have time for any problems but 
their own. One point where ' much 

of new workers in "attitude”. This is 
interpreted as an effort to show each 
worker how important his job is, no 
matter how small it may seem to him. 
to the success of the complete effort. 

Much progress in development of 
standardization was reported by C, E. 
Stryker, of the OPM. While there is 

sized by the speaker that our produc- 
tion effort in the present crisis is so 
great and the need for maximum out- 
put now is so immediate that we must 
test all proposed standards by the 
maxim: "If it is not absolutely neces- 
sary that the standard be adopted then 
it is absolutely nccessarv that it not 
be adopted.” Great strides are being 
made and loopholes in the standardiza- 
tion program are steadily being 
plugged. For example, the U. S. Army 
Air Corps uses more than 80 different 
sizes of airplane tires, whereas the 
Germans, with many more planes in 


service, use only 25 different sizes. 
Standardization is also as vital to suc- 
cessful maintenance in the field as it 
is to speed-up of manufacturing 
operations. 

Establishment of engineering liaison 
groups as an aid to production control 
was outlined by Donald Kudtich, 
Wright Aeronautical Corp. Such liai- 
son engineers free the project engineer 
for concentration on design work. By 
working more closely with production 
it is possible to make necessary changes 
in specifications "on the spot” and so 
materially speed production and catch 
troubles long before the final assembly 
stage, when delays would be more 

Airplane Quality Control, presented 
by J. W. Dunn, Curtiss-Wright Corp., 
explained how inspection methods can 
be streamlined to speed production, in- 
crease the proportion of salvaged parts, 
and maintain the quality of the product. 

One of the most interesting papers 
in this group was on "Two-Speed Su- 
percharger Drives," by F. M. Kincaid, 
Jr., Wright Aeronautical Corp. With 
the help of colored slides showing de- 
tailed cross-sections of the supercharger 
drives under consideration, Kincaid 
laid bare the secrets of two speed drives 
developed by the Wright company, 
Bristol and Rolls-Royce, in England, 
and Junkers and Mercedes-Benz, in 
Germany. While some of the foreign 
systems possess novel and interesting 
features, the American drives were 
shown to be equally rugged, much more 
compact, and of lighter weight, averag- 
ing only about one-half the weight of 
equivalent European drives. Develop- 
ment in this field has been rapid and 
satisfactory, but the recent perfection 
of two-stage superchargers, especially 
of the American turbo-supercharger, is 
threatening to supplant the two-speed 
drive, and in any case may be widely 
used to supplement the variable ratio 

In the field of research interest was 
largely concentrated on problems of 
high-altitude flight. The immediate 
military need to send our fighter and 
bomber planes into the thin air of the 
stratosphere has put such research. work 
under the most intense pressure and 
results of the most far-reaching im- 
portance are already being attained. 
Illustrated with high-speed photographs 
of vapor formation in a tank operating 
under various conditions of temperature 
and altitude, a paper on “Fuel Feed at 
High Altitude” by W. H. Curtis and 
R. R. Curtis, Thompson Products, Inc., 
was presented by W. H. Curtis. This 
paper outlined the rapid progress that 
has been made in applying centrifugal 
pumps mounted directly in the fuel 
tank, as booster pumps to supply fuel 
to the regular engine pump under con- 


ditions that would normally produce 
vapor lock, in the fuel lines. 

“Icing Problems in Aircraft Engine 
Induction Systems" by L. B. Kimball, 
National Bureau of Standards, sum- 
marized the results of an extensive re- 
search program. Similar laboratory 
work by Pratt & Whitney Aircraft was 
told in the course of prepared discus- 
sion on the Kimball paper, presented 
by Victor J. Skoglund. While both 
authors admitted that much work re- 
- mains to be done, there is now enough 
evidence at hand to justify the belief 
that complete solution of all icing prob- 

Aircraft Carburetor Air 'Scoops and 
Their Effect on Fuel-Air Metering in 
Flight, was presented by F. C. Mock, 
Bendix Aviation Corp. This is a sub- 
ject on which many may have thought 
that there was little to know and that 
had long since been learned. Actually, 
as the author pointed out, and demon- 
strated with moving pictures of air 
flow in various air scoops, very little 
is known on the subject. We know 
that certain scoops work satisfactorily, 
but we are just beginning to find out 
why. Each new design presents new 
problems which are still being solved 
by cut and try methods on the basis of 
flight tests. We still are not sure where 
the air scoop should be located, let 
alone just what form it should have. 
But the present research work is a 
long step in the direction of complete 
solution of this particular phase of de- 
sign work. 

An annual report on the progress of 
the C.F.R. Committee on its investiga- 
tion of vapor lock problems was given 
by Dr. 0. C. Bridgeman. The vast 
amount of research done by this com- 
mittee is now proving invaluable as a 
reservoir of knowledge on which many 
industry engineers are drawing for a 
solution of some of their immediate 
difficulties. 

Final paper of the meeting, entitled 
“Will Accessories Impede our Pay- 
load” was given by L. R. Hackney, 
Lockheed Aircraft Corp., who has been 
very active in organization of weight 
control work among aircraft engineers. 
While the title might indicate an atti- 
tude of antagonism towards the acces- 
sory people, the opposite is actually the 
case. Through cooperation among air- 
craft designers and accessory engineers 
much progress is being made on re- 
duction of excess weight, and progress 
is being made in standardizing the 
evaluation of competing accessories, 
taking full account of qualities of per- 
formance, reliability, and serviceability 
as well as of weight. The paper pro- 
voked a very spirited discussion, illus- 
trating the interest which exists in 
this subject. On the whole, the meetings 
were a decided success. 
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A great American president described our defensive strength 
with the famous words "big stick”. The words take on new 
meaning today as the world struggles for supremacy in the 
sky. Nowhere is there a single engine fighter to match the 
steel-shattering fire power of the U. S. Army Air Corps' 
cannon carrying Bell Airacobra. Just as important, the Aira- 
cobra is so designed that the 37 mm. cannon fires through 
the nose — for deadliest accuracy. Now in volume produc- 
tion, the Airacobra is the product of millions of dollars 
in research, and millions of man hours of devoted labor. 
Today's superiority of American aircraft speaks well for 
Tomorrow ... in which Bell Aircraft's skill, foresight and 
advanced production facilities will play a leading part. 


BELL AIRCRAFT CORPORATION 


Bell Aircraft Ordnance Division BUFFALO AND NIAGARA FALLS, N. Y. 
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Mass Maintenance Methods 

(Continued from page 81) 


We believe the most important factor 
in maintenance work is to appreciate 
the importance of good shop equipment, 
properly maintained. No amount of 
skill and ingenuity, or experience, can- 
replace the proper tools needed to do a 
job. And no other qualities can make 
up for the failure to maintain tools in 
perfect order and cleanliness. We make 
cleanliness a fetish around our shops 
and hangars. Every item of equipment 
must be clean and in its place as though 
for dress inspection unless it is actually 
in use. There is no other way of making 
sure that the equipment will be avail- 
able and in shape when needed. So far 
as possible we eliminate the practice of 
storing tools out of sight and tossed in- 
discriminately in drawers or boxes. We 
believe that polished tools neatly ar- 
ranged on benches or tool boards do 
much to stimulate the morale of the 
individual mechanic and give the en- 
tire shop a degree of pride in its work. 

To have pride in machines and equip- 
ment it is necessary first to have the 
equipment. There are very few short 
cuts to proper maintenance. The fac- 
tories which build our planes, engines, 
and accessories are all splendidly sup- 
plied with special machines and equip- 
ment to do the job and so must we be 
if we are to maintain the planes and 
engines. We have gone right down the 
line and installed the finest hand tools, 
bench tools, shop machines, special parts 
stands and racks, aligning stands, spe- 
cial tools such as valve grinders and 
cylinder grinders, cleaning equipment. 

And we have provided clean, light, 
airy shops in which to use this equip- 
ment. Special attention has been given 
to workers’ benches, outlets for water, 
air and electricity, and all other factors 
which combine to make a shop neat and 
efficient instead of cluttered and untidy. 

Finally, there is no way to eliminate 
the need for properly trained men of 
the right type. We are fortunate in hav- 
ing a' connection with the Curtiss- 
Wright Technical Institute. This has 
made it possible for us to obtain men 
whose qualifications and degree of train- 
ing are particularly well known to us. 
Almost every man in our organization 
is a graduate of the Curtiss-Wright 
Technical Institute or has received spe- 
cial training to complete his educational 
background. 

Our shops are separated by a distance 
of 50 miles, but we operate them as one 
organization. Plant No. 1 is located 
on Grand Central Air Terminal, Glen- 
dale, and does all types of maintenance 
work, airline, factory, private and mili- 


tary. We are doing an average of one 
complete engine overhaul job a day in 
this plant. Plant No. 2 is located at the 
Cal-Aero training center in Ontario, 
about 50 miles east of Glendale. Here 
we turn out an average of two complete 
engine overhaul jobs daily. Although 
we can interchange work to some ex- 
tent between the two shops, most of the 
work at Ontario is on the training en- 
gines operated there, Lycoming R-630- 
11 model. We also handle airplane 
service and maintenance covering a 
total of 256 airplanes which are flying 
an average of 5 hrs. per day, for a total 
flying time of more than 1250 hrs; daily. 
Training planes are given a complete 
overhaul every 1,500 hrs. and training 
engines are overhauled every 540 hrs. 
We do a complete overhaul on the 
Lycoming engine in an average of about 
106 man-hours. 

We were fortunate in having oper- 
ated Plant 1, at Glendale, for almost 
eight years before it became necessary 
to establish the Ontario maintenance 
base. By using the parent shop as a 
model we were able to lay out an ideal 
engine maintenance plant, putting into 
it all the features we had been wanting 
in the original base. Then we were able 
to select all our new men from the 
Curtiss-Wright Technical Institute and 
put them through a course of further 
training in Plant 1 before sending them 
out to work in the new maintenance 
shop, which was opened just this last 
June. In size the two shops are almost 
identical, each containing about 12,500 
sq. ft. The Glendale shop is incorpo- 
rated in a large hangar building and oc- 
cupies an area measuring about 203 by 
30 ft., plus office and storage rooms. At 
Ontario we erected a building with over- 
all dimensions of about 210 by 125 ft. 
but in which the main overhaul shop 
was 210 by 31 ft. This arrangement 
gives us the straight-line flow of ma- 
terials, as in a factory. The engine 
. comes into the tear down department 
at one end of the shop, is disassembled, 
goes through the cleaning department, 
inspection department and then into the 
various individual shops before coming 
together at the assembly department at 
the far end of the line. The store room 
is located approximately opposite the 
center portion of the shop at both plants, 
making it most accessible for parts re- 
placement work. 

We act as distributors for Wright, 
Lycoming, Jacobs, and Menasco engines 
and parts, Holley carburetors and parts, 
Aero spark plugs, and as dealers for 
Pratt & Whitney and Continental en- 
gine parts, and Scintilla, Stromberg and 


Eclipse accessory parts, in addition to 
our service and maintenance work. Al- 
though our Ontario plant is now set up 
primarily for military work we can 
handle a wide range of commercial work 
on short notice. And at Glendale we 
are equipped to completely overhaul any 
engine from a 50 h.p. Lycoming to the 
Wright 3350 of 2,000 h.p. 

We have made every effort to so sys- 
tematize all work as to eliminate all 
possible overtime and every evidence of 
rush and hurry. We work on a straight 
40 hr. week at Glendale and a 48 hr. 
week at Ontario, where training opera- 
tions require a more intensive schedule. 
This is all day work. Although the air- 
plane and engine routine maintenance 
is largely done at night in order to 
"Keep ’em Flying’’ we find that all en- 
gine overhaul work can best be done 
in the regular day shift. This is made 
possible' by the fact that we have suffi- 
cient spare engines on hand to permit 
replacement of an engine for overhaul 
with one that has been overhauled, with- 
out loss of plane time. 

Actual maintenance work at the two 
plants is done with relatively small but 
well - organized and highly - trained 
crews. At Glendale we have 30 men in 
the engine overhaul shop proper, and 
at Ontario there are 40 men in the en- 
gine shop. We have developed an 
organization over a period of years 
which makes it possible to maintain a 
very close control over all operations. 

William "Bill” Clough is my direct 
assistant, supervising all purchasing and 
stores for all bases. Parts for all main- 
tenance work are handled through him 
so that this important factor is concen- 
trated at one point for ease of control. 

At plant No. 2 all operations are in 
charge of Shop Sup't. H. J. Stewart, 
a Curtiss-Wright Tech, graduate of 
about 1929. At our Glendale plant we 
sub-divide the responsibility of the shop 
by having a shop Sup’t., Harold Wol- 
cott; Accessory Shop Sup’t., Phil Old- 
berg; and with J. W. Horak in charge 
of hangars, engine test, and all of our 
servicing. 

Airplane maintenance and servicing 
work at each base is done under the 
supervision of a maintenance chief. The 
Maintenance Chief at Ontario is Ray- 
mond M. Tonks, with four individual 
hangar chiefs, Glen O. Peterson, John 
Zauner, Harold E. Clements, and 
Nathan M. Hummer, under him. Each 
of these men has charge of all personnel 
in each hangar. Clarence B. Clark is 
maintenance chief at the Oxnard base, 
with Frank O. Behrman and C. N. 
Lamn as Hangar Chiefs. At Lancaster 
Harry J. Hemler is Maintenance Chief, 
with E. D. Masters as hangar chief. 

Jim King operates as a technical 
inspector maintaining constant check on 
the condition of the airplanes and en- 
gines at all bases. 
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Ounce by Ounce , Curtiss-Wright 
Shetls Weight with 


■rs VERY ounce saved in aircraft construc- 
tion means faster, farther flight or an 
opportunity for adding armor or arma- 
ment. Wherever used, Synthanc Bakclitc- 
laminated, weighing only half as much 
as aluminum, shaves off vitally needed 
ounces. Synthanc has more to recommend 
it than light weight. It is structurally 
strong, resists corrosion from water, avia 
tion oils and gasoline. It is an exccllen 
electrical insulator. And it is easy to ma 
chine, gaining valuable time in produc 
tion. Synthanc helps Curtiss-Wright am 
many others produce better planes faster 

SYNTHANE CORPORATION, OAKS, PA 


CURTISS HAWK, P-36. Over forty Synlhane parts were n 
in the Curtiss Electric Propeller alone, many more in 
fuselage for holding ’’spaghetti”, for cable guides, < 


_JHE AVIATION INDUSTRY 
OK'S SYNTHANE 


CURTISS GOVERNOR for starting the pitch con- 
trol mechanism of a Curtiss Electric Propeller. 
Bushings and washers are made from Synthanc. 


LIGHT WEIGHT with Structural Strength 
LIGHT WEIGHT with Corrosion Resistance 
LIGHT WEIGHT with High Dielectric Strength 
LIGHT WEIGHT with Ease of Machining 


SYNTHANE 

TECHNICAL PLASTICS 


( SYNTHANE ] 


J J . (^j~ /»mi»awe 


SHEETS. RODS - TUBES • FABRICATED P. 
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Pan American 

(Continued from page 51) 


To understand the problem presented 
to the international air transport system, 
one must bear in mind the basic dis- 
similarities between transoceanic and 
orthodox landplane operations. The 
sheer size of an 84,000 pound aircraft, 
of course, scales up all the basic elements 
of maintenance procedures. The four 
Wright engines are larger than other 
power plants in transport service. The 
instrumentation is extensive and elabo- 
rate. Control cable, electric circuits and 
fuel lines each run into the thousands 
of feet. Control surface dimensions 



Every man working on the Clipper wears 




work stands. Mechanics always slide down 
the bannisters (originally designed as lire- 
escapes) to save time. 


sound like span specifications for the 
small land transports. Many processes, 
such as cleaning, which are minor items 
in the maintenance of smaller aircraft, 
become major tasks on planes which 
have 65 windows, 9,000 square feet of 
upholstery material, a door area equal to 
that of an 8-room house and external 
surfaces of a third of an acre. 

Transoceanic dying boats operations 
also- pose special maintenance problems 
not encountered in landplane work. Salt 
water greatly heightens exposure to 
corrosion. Long nonstop dight assign- 
ments increase exposure to wear and 
tear. To make sure that its "turn- 
around" method was adequate, Pan 
American Airways, drawing heavily on 
its experience in the Pacific and Carib- 
bean, set up a procedure to perform as 
many as the 1 500 items mentioned above, 
of inspection, maintenance and replace- 
ment, which must be completed before a 
Boeing-built Clipper is released for 



dight tests prior to a transoceanic 

There is no method of attack, despite 
the special problems presented above, 
by which the "quick turn-around” was 
achieved for Pan American's trans- 
oceanic Clippers which cannot, in some 
degree, be applied to any maintenance 
procedure. The emphasis, of course, is 
on personnel — in hiring and training. 

Naturally, like every other airline. 
Pan American Airways makes the great- 
est effort possible to get the best type 
of personnel available. Expansion of ac- 
tivities by no means allows one to adopt 
a policy of loosening requirements de- 
manded of a man who does highly tech- 
nical work. Just because more work 
has to be done is no reason that it can- 
not be done just as well as when the 
organization was smaller and there was 
more time to do it. In our personnel 
problem we were fortunate in being able 
to rely on the excellent training being 
given in our aviation schools. The 
calibre of the men they have turned out, 
and are continuing to turn out, is grati- 
fyingly high. Even with such a fine 
backlog of material, the factor of selec- 
tion is important, nevertheless. 

As regards training, this has been one 
of the most important items in Pan 
American's program of developing the 
“quick turn-around". Training cannot 
be overemphasized and in a program of 
this sort it is important to train and 
train, and train — and then when this 
has been accomplished, train them some 

On the transatlantic service those 
men in charge of our training are, gen- 
erally speaking, the most experienced 
men we have. Not all experts are good 
teachers but in our case we have been 
fortunate to have men who are senior in 
experience and able to train other men. 
Under this system, some of our most 
experienced men are therefore not do- 
ing productive work — productive in the 
sense that they are actually performing 
mechanical tasks themselves. However, 
the training program they are carrying 
out speaks for itself. 

Along with the highly selective hiring 
and intensive training of personnel, an 
adequate staff of supervisors and in- 
spectors was a third important item in 
the program. The nature of our busi- 
ness requires ‘‘check and double check” 
in every possible way and the im- 
portance of maintaining an adequate 
staff of men to perform this service can- 
not be overemphasized. 


Power plants are worked on as complete 
units “in front of the fire wall". An engine 
change requires about 4 hours — about one 
hour to get the hoist up and take out the 

lit to take the hoist down. Engines are 
1800 hp. Wright Cyclones. 
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The right lubrication helps. It will give faster produc- 
tion, better size control and smoother threads, too. 
Here are a few tips. 


First: Use plenty of lubricant. Pul it where it will do 
the most good. Force it into the hole parallel with the 
axis of the tap if you can — use two streams on hori- 
zontal tapping. For deep tapping and finer pitches, use 
light or diluted oil to insure reaching the point of the 
tool. Be sure it’s flowing when she tap starts to cut. 
This helps wash out the chips, too. 

Second: Keep the lubricant clean. When it becomes 
dirty or gritty, replace it with new, clean lubricant. 

Third: — and very important, different materials re- 
quire different lubricants for most efficient tapping. 
Your oil company's lubrication engineer will give you 
specific advice, but here are some useful general hints. 


is is one of a series of advertise- 
ments published by GreenfieldTap and 
Die Corporation to help users get great- 
’ er production from their small tools in 
these critical times, through mak- 
’ ing useful facts more ividely known i 


SUGGESTED TAPPING LUBRICANTS 


Material Being Tapped Lubricant 

Allegheny Melal Sulphur Bose Oil , 

Aluminum Kerosene & Lord Oil 

Bakelite Dry 

Brass Compound or Light Base Oil 

Bronze Compound or Light BaBe Oil 

Bronze — Manganese Light Base Oil 

Copper Light Bose Oil 

Die Castings — Aluminum.. Kerosene & Lard Oil 
— Zinc Compound 

Duralumin Compound or Kerosene & Lard 

Oil 

Fiber Dry- 

Iron- — Cast Dry or Compound 

— Malleable-. Compound or Sulphur Base Oil 

'Monel Metal. . Sulphur Base Oil of Kerosene 

.& Lord Oil 


Material Being Tapped Lubricant 

-Nickel Silver Sulphur BaBe Oil or Kerosene & 

V. . Lard Oil 

Rubber Hard Dry- 

Cast Sulphur Base Oil 

Chromium Sulphur Base Oil 

or Kerosene dcVaraflin 

Manganese Compound or Sulphur Base Oil 

or Kerosene St Paraffin 
S*" 1 Molybdenum . . . Sulphur Base Oil 

Nickel Sulphur Base Oil 

Stainless Sulphur Base Oil 

Tool Sulphur Base Oil or Kerosene 

& Lord Oil 

Tungsten Sulphur Base Oil 

Vanadium Sulphur Base Oil 


GREENFIELD TAP AND DIE CORPORATION 

GREENFIELD, MASSACHUSETTS 

Detroit Plant: 2102 West Fort St. 
Warehouses in New York, Chicago and Los Angeles 
In Canada: 

Greenfield Tap and Die Corp. of Canada, Ltd., Galt, Ont. 


.^GREENFIELD 
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The development of every practical 
type of work equipment which would 
tend to eliminate the time-cost of a 
maintenance or inspection operation is 
another important item, followed 
throughout the entire Pan American 
Airways system. The company's in- 
terest in work equipment, particularly 
in completing elaborate workstands for 

old as Pan American’s use of large air- 
planes. As its airplanes grew larger 
and its experience longer, workstands 
have grown more and more elaborate. 
Today the big three-decked workstands 
that are wheeled beneath the wing of a 
B-314 within a few minutes after it has 
arrived in the hangar after an 8,000 mile 
round trip to Lisbon, are virtually com- 
plete work shops in themselves. The 
ones in use at LaGuardia Field, for in- 
stance, represent an investment of ap- 
proximately $20,000 a pair. As the pres- 
sure for maintenance speed increased, 
these principal workstands have been 
supplemented by special inspection 
ladders which are used for working on 
the tail surfaces and other parts of the 
Gippcr not reached by the main plat- 
forms. Hoisting apparatus, attached 
both to the hangar and to mobile units, 
is very complete. Several special dollies 
and trucks have been developed for spe- 
cial functions. Such elements as engine 
nacelles, wings, tail surfaces and hydro- 
stabilizers, once detached front the plane, 
are handled in specially prepared jigs 
or service stands. Individual shops, such 
as metal working, engine overhaul and 
instrument and propeller laboratories 
have been furnished with every obtain- 
able piece of usable equipment. 

The creation and active use of spare 
and replacement parts is, naturally, a 
major item in the quick turnaround and 
is, of course, nothing new in the policy 
of saving turnaround time on a particu- 
lar assignment by replacement of parts 
which need servicing with a new or pre- 
serviced element. At LaGuardia Field 



Every pari must bo weighed as it comes 
oil and beloro It Is put back on the Cllppor. 


this policy has simply been carried 
further during the past two years than 
it ever had been carried previously. 
Originally applied to propellers, engines, 
accessories and instruments, it is now 
used in connection with practically all 
parts of the Clipper, such as elevators, 
ailerons, rudders, oil tanks, fuel and 
water tanks, and even hydrostabilizers 
(which cost some $20,000 apiece when 
purchased as spares). Even cabin up- 
holstery, and furniture is frequently re- 
placed and later serviced in comparative 
leisure in Pan American shops. 

Another spearhead in Pan American's 
'“offensive against time" has consisted 
of the many measures to improve the 
organization and work efficiency of our 
man power. Of the total staff in the 
Pan American maintenance shops at La 
Guardia Field some 185 men will work 
directly on any Clipper undergoing the 
quick turnaround, the remainder of them 
being assigned to such general shops as 
Metal and Carpentry. The largest divi- 
sion in the overhaul department is Plane 
Service, with the Metal Working crew 
taking second place. In third place, 
ahead of Engine Service and the In- 
strument Department comes the Clean- 
ing Crew. Almost without exception all 
such groups and service crews are or- 
ganized on the permanent threeshift 


basis to permit continuous work 
throughout the 24-hours of the day and 
night when the Clipper is in port. 

The quick turnaround actually starts 
immediately after the last passenger ar- 
riving at LaGuardia Field walks down 
the gangplank and the last piece of bag- 
gage, mail and express is unloaded. At 
that moment a group of maintenance 
inspectors board the Clipper to begin 
looking for special work that must be 
done. A group of instrument specialists 
also go aboard to gather up all remov- 
able parts of the ship’s navigation equip- 
ment and a crew of mechanics lays down 
floor mats and covers all parts of the 
Clipper’s cabin upholstery with material 
to protect them from soiling during the 
maintenance procedure. While this 
work is under way the Clipper is being 
towed from the dock to the ramp, 
brought up from the water on special 
cradles and immediately washed down 
to remove all traces of sea water and 
salt spray. Incidentally, time has been 
saved here, too, for the entire process 
of beaching this 42 ton aircraft and 
towing it to the hangar now requires 
only a little more than an hour, com- 
pared to an average' of four or five hours 
necessary for the same process when we 
first started operations. Once within 
the hangar the huge workstands are 
moved into place, cleaning crews go 
aboard, service crews converge upon 
the parts assigned to their special atten- 
tion and the process of quick turnaround 
is in full swing. Within six hours of 
the time the Clipper has settled on 
Bowery Bay every first inspection and 
every required work order has been com- 
pleted and the work is well under way. 

This process is speeded up materially 
by the fact that there are at least two 
Engineer Officers aboard every trans- 
oceanic Clipper. They keep constant 
watch over every part of the airplane 
and are able to gain access to the engines 
in flight by means of the engine stations 
behind each nacelle. Their minute ob- 
servations and recordings, made avail- 
able to the maintenance groups imme- 
diately upon the return of a Clipper, are 
partly responsible for the work orders 
flowing so quickly. 

Within 48-hours the big Clipper 
should be ready once more to take to 
the air. Recently, to meet an extraor- 
dinary demand, the LaGuardia Field 
crew completed an entire turnaround 
process on a Clipper in only 17J hours, 
a period only 12 percent of the time 
considered necessary a mere two years 
ago. No one in that crew would care to 
suggest any such interval as a normal 
assignment nor would they imply that 
bases elsewhere might be held to such a 
speedup. But no one in aviation today 
can say that tomorrow's problems may 
not make today’s extraordinary achieve- 
ments the commonolace of the future. 



Tho accessory shop is as well equipped as an elaborate factory laboratory. 



STINSON GOES 



T HERE'S no tougher test of engine performance 
than the long hard hours of cross-country pilot- 
training operation. In again choosing the rugged 
Franklin 90 H.P. to power Stinson Voyagers exclu- 
sively, Stinson engineers and the Army and Navy 
instructors who collaborate with them pay Franklin 
the highest compliment in their power. 

Franklin will continue to prove its superiority by 


rewarding owners and operators of both private 
and training planes with smooth, economical, de- 
pendable power. Specify Franklin for the plane 
you fly or buy. Write us for specification sheets and 
performance data on the Franklin 90 with Electric 
Starter and Generator. Or see your Plane Distribu- 
tor for details on the Franklin line . . . proven 
engines of 65, 75, 80, 90, 125 and 130 Horse Power. 
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AMERICA'S aircraft plants arc 
turning out ships for the de- 
fense of the Democracies. But 

repair, and keep each ship in 
operation. Trained men are 
needed as never before to 
"KEEP 'EM FLYING." Unless 
we have these skilled special- 
ists American Air Defense, the 
planes, and pilots will be help- 

assured industry of the future. 


START IN AMERICA'S AIR GATEWAY 
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British Study U. S. Aircraft 


ward the immediate problem of provid- 
ing thoroughly trained R.A.F. ground 
crews as quickly as possible to service 
and repair American flying equipment 
now in active service with the British 

Quite apart from this, but having a 
similar purpose, is a program under 
which a number of sergeant-instructors 
of the R.A.F. are taking special courses 
on particular aircraft. However, this is 
part of a long term program looking 
toward the adequate dissemination of 
knowledge regarding American equip- 
ment in the regular training of R.A.F. 

Britain to serve as instructors in schools 
for instructors. 

Both of these programs together 
represent the efforts of the British to 
meet their half of a larger problem 
which America must also help to solve. 
Elsewhere in this issue, are described 
the steps taken by United States plane 
manufacturers abroad to assist British 
Authorities in maintaining their prod- 
ucts at the utmost peak of efficiency. 
(See Bell servicing abroad, Fornoff. 
page 60, and Lockheed servicing 
abroad, Stunkel, page 58.) 

There are so many radical differences 
between the two countries’ methods of 
construction, measurements, standards 
for threads, nuts and bolts and conse- 
quently, tools, that confusion and delays 
in servicing and repair are inescapable 
unless every practicable provision is 
made to anticipate and overcome the 
innumerable discrepancies beforehand. 

Most American service men who have 
actually had considerable experience in 
England or other British possessions 
agree that the larger proportion of 
spares, tools of all kinds, disposable ma- 
terials and items such as rubber tubing, 
glass, nut plates, springs and so on now 
included in the British orders are 
urgently required. 

It is certainly not meant as a reflec- 
tion on British skilled workmen, but 
actually they have far fewer tools of 
all descriptions to go around. American 
machinists and mechanics, with very 
few exceptions, own very elaborate 
chests of tools of their own, usually a 
couple hundred dollars worth. Nearly 
every American male, whether doctor, 
lawyer, merchant, mechanic or clerk, 
has around his household or automobile 
varying collections of screwdrivers, 
pliers, hammers, wrenches and files. 
This is not so universally true in any 

If the matter is not already under con- 
sideration, it might be wise for our 


lease-lend officials and the British pur- 
chasing people to study the advisability 
of instituting a large-scale program for 
supplying the British with quantities of 
standard hand tools for wide distribu- 
tion in servicing squadrons and repair 
depots. This is particularly important 
in view of the vast quantities of Ameri- 
can machinery of all kinds which will 
be in use with their armed services in 
the near future. 

Some of the common tools and similar 
items for which an acute need fre- 
quently is experienced in servicing 
American flying equipment abroad are: 
Open-end, box, crescent, monkey 
and pipe wrenches, all sizes 
Phillips and Reed & Prince screw 
drivers for recessed head screws, all 

assorted screwdrivers, all sizes 
adjustable pliers and wire cutters 
drift punches 
reamers 

ball-peen hammers 

special tools for standard fasteners 

grease guns 

Prestonc and hydraulic fluids 
The greatest caution must be exer- 
cised on both sides of the Atlantic to 
avoid future shortages of these and 
thousands of other similar items. “For 
want of a nail a kingdom was lost.” So 
runs an old saying. Likewise, for want 
of a grommet or washer a 25-ton bomber 
might be kept on the ground. 

There are numerous procedural de- 
lays in the order and shipment of cor- 
rective or changed parts or replace- 
ments. Some manufacturers feel that 
British agencies can do much to shorten 
the time now required for urgent re- 
placement orders to reach them. It is 
also felt in some quarters that our ex- 
port control unnecessarily complicates 
service replacements. They feel that 
blanket licenses should be issued Ameri- 
can firms to ship abroad technical data, 
parts, tools and replacements for planes 
already purchased. But whatever the 
difficulties, certainly the appropriate 
agencies of both nations should take all 
necessary steps to reduce to a minimum 
the time required for all needed spares, 
replacements, parts and tools to reach 
the spot where they will do the most 

The question of tools and supplies for 
American flying equipment is all-im- 
portant in connection with the scheme 
for training R.A.F. service teams here, 
for all their knowledge of our equipment 
will be largely nullified if they do not 
have toots and equipment to keep our 
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Northrop 
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iliary surfaces. Inherent stability has 
been obtained through development of 
the shape of the wing itself, and adequate 
maneuverability is provided by means of 
control surfaces incorporated directly 
in the wing. 

Design of the Northrop type flying 
wing was initiated in 1923 and has pro- 
gressed as opportunity afforded since 
that time. The pressure of designing 
and building conventional aircraft has 
prevented complete concentration on 
solution of the flying wing problem until 
recently. With formation of Northrop 
Aircraft, Inc., an accelerated program 
Was initiated. It must be appreciated 
that many far-reaching factors are in- 
volved in the ultimate development of 
flying wing type planes. Not the least 
of these has been the perfection of 
"buried" engine installations with their 
problems of mounting, cooling, and driv- 
ing through long shafts to remotely 
mounted propellers. Much work has 
been done along such lines by many 
people during recent years and all of 
this experience is applicable to the fly- 
ing wing problem. 

Also, the recent development of new 
airfoil sections of low drag and im- 
proved stability has had a profound in- 
fluence on the further development of 
flying wing designs. Greatly increased 
experience in the field of spoilers, flaps, 
and various high lift devices has also 
helped materially in perfecting the fly- 
ing wing plane. 

Although the Northrop “All-wing” 
plane first flown in 1928 did make use 
of external control surfaces, carried on 
outrigger booms, it was quite radical 
for its time in the use made of high 
taper ratio, about S to 1, and high thick- 
ness ratio of the airfoil, about 33 per- 
cent. The fuselage was completely 
eliminated, the pilot being housed di- 
rectly in the wing, the landing gear was 
retractable, and the engine was buried 
in the wing. In this early plane the 
extension shaft propeller drive was suc- 
cessfully demonstrated. Simplification 
of the airplane form to a simple wing 
and tail resulted m substantial elimina- 
tion of parasite and interference drag. 
Efficiency of the high taper wing of 
thick airfoil section was also demon- 
strated. Concentration of the loads near 
the C.G. was proved advantageous both 
structurally and aerodynamically. 

All of the experience gained through 
designing and testing this earlier Nor- 
throp flying wing, plus all of the knowl- 
edge available on this subject through 
trade literature, was incorporated in 
our development program on the new 


model. To this was added a very ex- 
tensive wind tunnel program with 
model flying wing planes of a wide 
variety. At an early stage in the devel- 
opment the problems of design were 
discussed with Dr. Theodore von Kar- 
man, at that time Director of the Daniel 
Guggenheim School of Aeronautics at 
California Institute of Technology, and 
with his assistant, Dr. William R. 
Sears. Dr. von Karman is now em- 
ployed by Northrop Aircraft as Aero- 
dynamic Consultant, and Dr. Sears as 
Chief Aerodynamicist. W. J. Cerny, 
Assistant Chief of Design, has had the 
project under his direct supervision 
since its inception. The encouragement 
and assistance of these men, plus the 
enthusiastic collaboration of the Army 
Air Corps, has done much to accelerate 
development of the present successful 
all-wing plane. However, this project 
is in the nature of a flying mock-up. 

We may, however, give a general de- 
scription of the present plane, and some 
idea as to the effect it will have on air- 
plane design. The original Northrop 
“all-wing” plane had a span of 30 ft. 
6 in., length of 20 ft., height overall of 
5 ft. Landing gear was of tricycle 
type with the main wheels forward and 
with a tread of 9 ft. Power was sup- 
plied by a single 90 h.p. Menasco. 

In our present flying wing the figures 
are all given as approximate but will 
serve as a basis for comparison. Span 
is 38 ft., length 17 ft. 

Landing gear is of tricycle type with 
the main wheels at the rear and a tread 
of 9 ft. Power for first test flights was 
provided by two 4-cylinder 65 h.p. 
Lycoming engines but these were later 
replaced by two 120 h.p. 6-cylinder 
Franklin engines. 

Tests conducted to date have con- 
firmed our engineering calculations. We 
expect a minimum improvement in all- 
around performance of about 25 percent 
as compared with conventional designs. 
And we believe that planes of this type 
can be built for as little as 60 to 70 
percent of the cost of conventional planes 
of equivalent capacity. 

Future of Flying Wing 

It is probable that variations of the 
pure all-wing design will be developed 
with various bumps or excrescences in- 
corporated to accommodate special loads, 
passenger cabins, gun turrets, etc. Such 
developments offer a wide range of 
possibilities without materially altering 
the basic characteristics of the plane. 
Also, various airfoils and airfoil thick- 
ness ratios may be used as design re- 
quirements dictate. An airplane of 
relatively slow speed can make use of 
thicker airfoils than a plane of higher 
speed and this factor indicates appre- 
ciable variations in the design. Limit- 


ing feature in application of various 
airfoils will be the compressibility fac- 
tor. This is less of a handicap than 
with conventional planes due to the re- 
pression of all protuberances which nor- 
mally contribute to local distortions of 
airflow to induce compressibility bur- 

Elimination of the fuselage and tail 
surfaces, and use of a very thick airfoil 
of high taper ratio greatly simplifies 
structural design. Not only is the 
structural arrangement efficient, result- 
ing in savings of both cost and weight, 
but the added roominess makes it easier 
to install powerplants, accessories, 
plumbing, wiring, etc. Maintenance of 
the plane and its accessories is made 
easier and cheaper for the same reason. 

Vision for the pilot from a plane of 
this type is quite good. Even on the 
small flying mock-up he has good vision 
forward and downward over the nose. 
Due to the marked sweepback of the 
leading edge and the sharp downward 
slope of the upper wing surface it is only 
necessary to elevate the pilot sufficiently 
to place his eyes a few inches above the 
wing surface to provide excellent vision. 
Of course his view is completely un- 
obstructed in all directions in the upper 
hemisphere. On larger planes of this 
type the pilot's cockpit may be moved 
relatively farther forward if desired. As 
for the passengers in a plane of trans- 
port type, an arrangement can probably 
be worked out to give them direct for- 
ward vision, a feature now lacking in 
our conventional transports. Downward 
and sideward vision should also be good 
if the cabin is bulged down a little from 
the under wing surface, and provided 
with sloping side windows. 

Stability of the “all-wing” type plane 
is a feature which cannot be discussed 
in detail at this time. However, it can 
be said that hundreds of flights have 
demonstrated the present design to be 
entirely normal as to both stability and 
control about all three axes. The pecu- 
liar conformation of the wing, with pro- 
nounced droop of the wing tips, is based 
on both engineering analysis and exten- 
sive wind-tunnel and full scale testing. 
Test flights have been made with the 
wing tips in all possible positions. The 
present arrangement has been demon- 
strated to be entirely satisfactory. Rela- 
tion of wing dihedral, wing tip cathedral 
angle, and other features of stability and 
control arc subject to variation with 
specific designs. 

Control is achieved through use of a 
system of “elevons” and wing-tip rud- 
ders. The “elevons" serve, as in other 
tail-less type planes, both as elevators 
and ailerons. Rudder action is provided 
by control surfaces incorporated in the 
drooping wing tips. 

Application of high lift devices to 
(Turn to page 202) 


A V I A T 1 O H . December, 



SOUTH BEND TURRET LATHES 

For Rapid Production in the Defense Industries 


THIS NEW South Bend 16" Turret Lathe combines 
* the precision and versatility of a toolroom lathe 
with the rapid production facilities of a turret lathe. 

The power feed ram-type turret has six faces, with 
automatic indexing and individual stop for each face. 
The turret is mounted on the inside bed ways and may 
be clamped at any location the entire length of the bed. 

The carriage has friction clutch drive for power cross 
feeds and power longitudinal feeds, also lead screw 
and split nut for cutting accurate screw threads. 
Mounted on the outer bed ways, the saddle wings 
clear the turret base to allow free movement of the 
carriage. Telescopic taper attachment, hand lever 
collet chuck and other attachments can be supplied. 


The quick change gear box provides 48 changes for 
all carriage feeds and turret feeds. In addition, there 
is provision for changing the direction and speed of 
the turret feeds with relation to the carriage feeds. 

The direct motor drive provides twelve spindle 
speeds ranging from 21 to 731 R. P. M. Headstock 
spindle has 1 Vb" capacity for bar stock. Rapid acting 
hand lever collet takes up to 1" round stock. 

In addition to this turret lathe we manufacture a 
complete line of back-geared screw cutting lathes, 9" 
to 16" swing, for toolroom and general shop use. Also 
9" and 10" swing lathes with hand lever bed turret. 
Write for our catalog on this new lathe and the name 
of our nearest dealer. 



SOUTH 


BEND 

Lathe B u i I d e 


LATHE WORKS 


751 E 


M a d i 


3 5 

t h B 


d, I nd i 


, U. S. 


Edward Warner 

(Continued from page 49) 


the assault upon the enormous technical 
problems that it presents been so con- 
tinuous, and engaged such an amount 
and quality of engineering and inventive 
talent, as to realize practical service- 
ability. The auxiliary supercharger, 
driven by an exhaust turbine, is already 
making it possible to conduct bombing 
expeditions at altitudes well above any 
that were previously attainable. It may 
rank with the development of heavy 
bombers among major American con- 
tributions to the aeronautical technology 

In addition to the differences in de- 
velopment policy and in specialized na- 
tional interest, there have been the 
differences between a nation at peace 
and one already at war. In time of 
peace, the military aircraft is commonly 
judged primarily as a flying-machine, 
and only secondarily as a fighting craft. 
In time of peace, the fitting of armor 
seemed an outrage against aeronautical 
science; but after the fall of 1939 it took 
only a few weeks of accumulating ex- 
perience of the men who were actually 
being shot at in the air to convince de- 
signers that the weight of a little judi- 
ciously-distributed steel plate would be 
weight well expended, even though it 
increased the landing speed of the air- 
plane by three miles an hour, or length- 
ened the take-off run by 100 ft. 

There was, for example, the case of 
the leak-proof fuel tank. In 1919, with 
recent unhappy memories of aircraft 
coming down in flames, it was a general 
assumption that protection of the tank 
against ready loss or ignition of its con- 
tents by enemy fire was essential. 
Reasonably efficient means of leak- 
proofing the tanks were developed; but 
leak-proofing was heavy, and bulky, and 
sometimes shortlived. It gradually dis- 
appeared from the art, only to return 
when another war began to furnish 
tragic reminders that bullets still punc- 
tured unprotected tanks and drained the 
fuel away, sometimes with fire resulting. 

To the problems of design and con- 
struction must be added those of getting 
the aircraft into service. At least three- 
quarters of such troubles as have been 
experienced with American aircraft in 
the British Service, — and there have 
been some troubles, — have been due to 
nothing inherent in the aircraft them- 
selves, but have arisen out of the prob- 
lem of fitting different types of equip- 
ment together, and of providing all of 
the information and all of the auxiliary 
supplies that were necessary for efficient 
use. Fortunately one may norv speak 
of these difficulties primarily in a his- 


torical sense, for most of the troubles 
that were apparent six months ago have 
now either been entirely overcome or 
are well on the way to disappearance. 

To realize the troubles that may be 
experienced in moving even the best of 
equipment from one environment to an- 
other, it must be remembered that a 
military airplane does not operate as 
an independent unit, but as a working 
part meshed into a vast and intricate 
system. Where British and American 
designs for auxiliary equipment differ, 
there must be a change of practice 
somewhere in order that the airplane 
and its consumable supplies may oper- 
ate together. Bombs have to fit bomb- 
racks ; ammunition has to fit guns ; and 
guns to fit mounts. Changes in gun in- 
stallation may involve a change in firing 
control running all the way to the 
pilot's cockpit. Radio sets must go into 
the space provided for them in the air- 
craft; but they must also have the fre- 
quencies and the other characteristics 
to enable them to work within the 
framework of the communications sys- 
tem established in the country where the 
aircraft is to be operated, the alternative 
being to make extensive revisions in the 
ground equipment. 

Even the most trivial details can be 
annoying. Both British and American 
Services, for example, have a standard 
practice in the folding of maps for ready 
reference; but the practices are different 
enough to make it difficult to keep the 
standard maps of one country conven- 
iently available in a map-case designed 
to hold those of the other. Other points 
have been far more important. There 
was a case, for example, in which the 
necessary changes in radio and other 
electrical equipment required a change 
in the characteristics of the generator 
driven by the engine. That in turn modi- 
fied the engine's vibration characteris- 
tics, and it was only after a period of 
very urgent shop and laboratory work 
that means of overcoming the resultant 
mechanical difficulties were found and 
introduced. 

Some differences require a period of 
familiarization for the pilot before he 
can feel at home with the new equip- 
ment. It appears to be true, for no par- 
ticular reason, that the natural position 
of the control stick in level flight in 
most British aircraft is farther back 
towards the pilot’s body than in similar 
American machines. A pilot accustomed 
to flying with his arm in a certain po- 
sition finds any other position uncom- 
fortable until he gets used to it. A more 
important matter is the habitual use of 
quite different types of brake control 
in the two countries; and there are 

Aircraft can be moved from place to 
place at very high speed, but their lives 
in useful service may be short when 


they arrive unless a considerable supply 
of spare parts has kept pace with them. 
Not only is a stock of spare hardware 
needed, and tires, and engine and pro- 
peller parts and instruments and the 
like, but also special tools, and working- 
benches, and jigs for re-aligning wings 
and bodies after they have been dam- 
aged and distorted, and other special 
fixtures. Shortage of spares is often a 
grave handicap for aircraft that are 
operating within a few hundred miles 
of the factory where they were built. 
The handicap is vastly greater, and a 
proper organization is proportionately 
more difficult to work out, when the 
needs must be communicated in coded 
cables, and the needed material dis- 
patched across an ocean. Even in the 
relatively simple and unmechanized 
days of our grandparents, there was cur- 
rent a sort of house-that-Jack-built 
jingle that worked up to a grand climax 
of iiow the battle was lost for the want 
of a horseshoe nail. Battles in the air 
may be lost for the want of lubricating 
oil of the precise specification on which 
the engines were designed to run; for 
the want of an adequate supply of ex- 
actly the right type of spark plugs; or 
for the want of the coils which will 
convert a radio set to enable it to oper- 
ate on the proper frequencies. 

Another difficulty often arising has 
been that of getting adequate instruction 
books and such material to all the places 
where they will be needed. The air- 
plane often outruns or becomes sepa- 
rated from the information that ought 
always to be in the hands of those 
charged with operating and maintaining 
it. I dwell upon such seemingly small 
matters because, small as they seem, 
they are capable of making a vast 
amount of trouble, and have on occa- 
sion actually done so; and because of 
the satisfaction with which I can ex- 
press my confidence that the problems 
of supply of material and of information, 
and of modification where necessary to 
fit a change in environment, and of ac- 
customing personnel to the unfamiliar 
characteristics of the trans-Atlantic 
equipment, are all progressing towards 
more and more complete solutions. 

Such problems are inherently those 
of the early stages of association. Ar- 
rangements for each new type of air- 
craft to be preceded by an account of 
its special qualities and operating de- 
mands, prepared from the point of view 
of the pilot, now insure that the first 
examples of the type to arrive will not 
be received as unproved strangers, but 
with the confidence that goes to the 
bearers of impeccable credentials. 

The role of the service representatives 
of the American industry is of enormous 
importance in this work of familiariza- 
tion, as well as in dealing with those 
mechanical troubles to which all highly- 
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stressed machinery is occasionally sub- 
ject. There has been a growing 
appreciation that delicate and complex 
mechanical equipment, for its most effi- 
cient operation, needs occasional atten- 
tion and operating counsel from 
engineers and mechanics who have 
known that equipment from its incep- 
tion. The resultant attempt to keep the 
number of service representatives in 
England of the American industry com- 
mensurate with the rapidly growing 
amount of American equipment there 
is a recognition of one of the fundamen- 
tal requirements of getting the most 
out of the aircraft and their engines and 
accessories. The guidance that Ameri- 
can-trained experts can give is particu- 
larly important under the conditions of 
a country at war, with skilled labor 
never available in quantities to meet all 
the demands, and with every resource of 
manpower and womanpower, and every 
expedient for speedier training for me- 
chanical jobs, necessarily pressed to the 

I have been dwelling particularly on 
military air material, but civil aviation 
is also of national importance, even in 
time of war. It has the importance that 
always attaches to the swiftest possible 
transportation of persons, goods, and 
communications in times of special 
emergency ; but it also has the signifi- 
cance of an instrument of national policy 
in international relations, and of a vital 
instrument of military communications. 
For embattled Britain, air transport sup- 
plies communication and conveyance be- 
tween areas of which the connection by 
surface means of transport is so slow 
and roundabout as to be virtually non- 
existent. The pressure is so great that 
the would-be traveler by a British trans- 
port plane finds it necessary in many . 
cases, and wise in almost all, to support 
his application with a government-issued 
certificate of priority. We have reached 
no such stringency as that, though we 
have approached it on the trans- Atlantic 
service ; but we too are deeply dependent 
upon air transport in this crisis, at home, 
across both oceans, and for swift travel 
and exchange communications within 
the western hemisphere. 

There has been an impressive mani- 
festation of hemispheric unity in the 
steps that the American Republics have 
taken to uproot the ominously penetrat- 
ing German-controlled lines. 

It becomes increasingly important that 
the air transport systems within the 
United States, and those connecting us 
with neighboring countries and extend- 
ing overseas, should operate during the 
emergency with a sole concern for the 
swiftest possible adaptation to national 
requirements, in the order of their 
urgency, and for the rendering of the 
greatest possible aggregate of service 
with the greatest economy of men and 


material. They operate under a legal 
framework drawn in terms of peace 
conditions. It provides for development 
primarily through the initiative of the 
individual airlines, with the agencies of 
Government giving their applications 
judicial consideration in accordance 
with an established judicial procedure, 
rather than for Government initiative 
and sponsorship of the establishment of 
services where the national interest re- 
quires them; but air transport, espe- 
cially in the international field, has now 
to meet the test that is to become the 
universal touchstone of all our pursuits 
and professions. It has to be the expres- 
sion of a national purpose that gives an 
unquestioned priority to the needs of 
the present emergency, and very little 
weight indeed to any considerations that 
do not coincide with the emergency’s re- 
quirements. Considerations of competi- 
tive positions either for the present time 
or for the period after the war recede 
into comparative insignificance. Its suc- 
cess in the years immediately ahead will 
not be judged by ordinary standards, 
but by the accuracy with which it con- 
forms to the emergency’s demands and 
finds solutions for the emergency’s ab- 
normal problems. 


Bell Abroad 
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afterthought to sales. The Bell Air- 
craft organization has pioneered in this 
respect by divorcing the sales and serv- 
ice departments and giving them co- 

Service, with related problems of 
maintenance, is integrated with all the 
productive processes from design to op- 
eration of the finished product. When 
the ideal design for a part or mechanism 
is produced, not only are production 
planning and operational engineers 
called in to study it front the standpoint 
of practicability of fabrication and as- 
sembly, but the service engineer as well, 
to pass on it from the standpoint of 
simplifying and minimizing servicing. 

Likewise, if experience demonstrates 
an inherent disadvantage of a particu- 
lar part or accessory, or its location, 
from a maintenance point of view, serv- 
ice men consult with the design engi- 
neers to determine if some modification 
cannot be made which will simplify 
maintenance or speed up servicing. 

Always, one guiding principle dom- 
inates the thinking of Bell Aircraft 
engineers. No matter how fine their 
airplane, it is still worth less than the 
poorest aircraft so long as it has to re- 
main on the ground. It can only be a 


good airplane while it is in the air or 
all set for the takeoff. 

Since the time element is so im- 
portant, particularly in the servicing of 
military aircraft, structural features and 
location of accessories and equipment 
rank with performance and efficiency 
of operation in the overall effectiveness 
of an airplane. A particular feature of 
the Airacobra's design which has proven 
its value in this respect is the method 
of wing attachment to the fuselage. 

A single set of jacks is all that is 
necessary for erection or disassembly, 
eliminating the need for an overhead 
hoist of any kind. If a wing or land- 
ing gear must be replaced or repaired, 
no crane is needed. Only in removing 
or installing the engine is such a rig 
required. This greatly facilitates re- 
pair and replacement in the field. 

Use of the tricycle landing gear has 
also been an aid to servicing, because 
the fuselage and wings remain in level 
position when the craft is on the ground. 
The fact that the airplane, itself, pro- 
vides a level platform on which service 
men may work perhaps seems unim- 
portant, but it is of great value, par- 
ticularly in the field, where special work 
platforms are not available. 

The great number of inspection plates, 
as well as the cowling plates, attached 
only by Dzus Fasteners, also aids dur- 
ing the servicing of the Airacobra. 
Availability of power plant control and 
fuel lines and accessory equipment is 
of paramount importance to a crew 
charged with keeping aircraft in opera- 
tional shape, during wartime condjtions 
especially. 

The inescapable conclusion to be 
drawn from our experience is this; the 
responsibility of the plane manufacturer 
should not be regarded as ended when 
the planes and spares are delivered ac- 
cording to contracts. If the effective- 
ness of his product is to be fully realized, 
the far sighted manufacturer will volun- 
tarily sec to it that his product gets 
every chance to perform properly. 

To see the wisdom of this course, we 
need only reverse the circumstances of 
the two nations. If we were waging 
a war and obtained British planes of 
quality and usefulness we would natur- 
ally try to utilize them. However, if 
for the lack of replacement parts, proper 
tools at the proper place, or trained 
mechanics to spare who could perform 
the work, we had to push them aside 
and do our utmost with familiar equip- 
ment, we would not be all to blame. 

But — suppose there were an English- 
man at hand or on call, ready and quali- 
fied to help us use it and tactfully show- 
ing us how to get the most out of it. 
You may be sure there would be small 
likelihood of it deteriorating in a shed 
or under a tree some place for lack of 
a cotter pin or a wiring diagram. 
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Among the vital parts of today's modern plane 
is its seating accommodations for the pilot, the 
gunner, radio operator and observer. Every 
physical and mental fibre of these men must 
be alert, ready to instantly change the ship's 
course, its speed, altitude or firing position. 
Their efficiency is greatly dependent upon 
proper seating . . . seating that helps to build 
within them the reserve of acute responsive- 
ness necessary for quick decision. 

Aviation authorities have designed such seat- 
ing, specifying that the structural material be 
aluminum. The world's largest builders of 
aluminum seating for business and industry, 
makes available the skill and craftsmanship 
of its organization for the translation of govern- 
ment specifications into comfortdble, durable 
and adaptable chairs for the men who prove 
the superiority of American Aircraft. 


THE GENERAL FIREPROOFING COMPANY 


YOU NGSTOWN • OHIO 


Laboratory Control 

(Continued from page 109) 


chemical treatments. This ensures their 
smooth, high quality and trouble free 
operation. Bronze bearings are ana- 
lyzed for their copper, lead, and tin 
content. Oil sludge is tested to indicate 
the amount of piston wear. One device 
of particular interest used in the chem- 
ical laboratory is the electrophotometer. 
This employs an electric eye to look at 
colored solutions. By this means rapid 
chemical analyses are possible. New 
products are examined to find out their 
suitability and application to the manu- 
facture of engines. Routine analyses of 
the alloys used in the details of the 
product are also part of the work done. 

An etching laboratory uses various 
chemicals to treat the surface of metals 
thereby revealing the flowlines or bring- 
ing out defects such as cracks. Cor- 
rosion testing is done using a special 
temperature controlled salt-spray tank. 
This produces conditions which cause 
rapid corrosion in many materials. 
Various paints and treatments to pre- 
vent rusting may be tested with this 
apparatus. 

With a heat-treating laboratory much 
can be learned about the hardenability 
of various metals. Two automatically 
controlled electric furnaces are utilized 
for this type of work. Research is 
carried out in this field and its applica- 
tion to production investigated. 

Photoelastic Method Proves Worth 

The photoelastic analysis being con- 
ducted at Ranger represents one of the 
most recent practical applications of this 



method to airplane engine manufacture. 
Models of parts to be analyzed for stress 
are fashioned of transparent plastic, 
such as Bakelite. Circularly polarized 
light when transmitted through the 
model and focused on a ground glass 
screen presents a contour map of col- 
ored lines which reveal the principal 
stress differences. 

An engine part which failed in service 
revealed no flaws in material or work- 
manship when analyzed by the usual 
methods. It was then sent to the photo- 
elastic laboratory. An exact model was 
made. Stress patterns were observed 
and photographed revealing that the 
part broke where the tensile stress was 
55 percent higher than at any other 
point. As a result the part was re- 
designed so as to remove this 55 percent 
of stress concentration — virtual insur- 
ance against any future failures from 
the same cause. 

The Magnaflux Company's Stress- 
coat system is used in strain analysis. 
Parts or models to be studied are evenly 
coated with special lacquers. After this 
coating has hardened, the material 
under study is stressed to simulate 


actual loads. Small cracks in the 
lacquer begin to show up as the strain 
increases. The direction and spacing of 
the cracks disclose to the experienced 
operator much useful information con- 
cerning the part under scrutiny. 

In the physical testing laboratory 
things arc learned about metals that can 
only be found out by compressing, 
stretching and bending to the breaking 
point. A tensile testing machine can 
exert a compression or tension force 
from 100 to 60,000 lb., and produces the 
stress-strain diagram for the material 
under test. An Izod impact testing de- 
vice determines just how resistant to 
impact are certain steels. Four high 
speed fatigue-testing machines, revolv- 
ing at 10,000 r.p.m., determine the 
fatigue limits of various materials under 
different loadings. 

( Turn to page 192 ) 



Tensile testing machine with capacity from 
100 to 60.000 lb. 
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SPECIFIED BY DOUGLAS FOR 


THE B-l 9 BOMBER 


TO PRODUCE exhaust manifolds 
that will hold the fire of 8,000 horse 
power on sustained military missions 
of 7,000 miles and more was just part of the assignment 
filled by Ryan in supplying collector rings for the Doug- 
las B-19, "Guardian of a Hemisphere." Other engineer- 
ing requirements dictated Universal Joint Manifolds, 
developed by Ryan over three years ago, and on which 
U.S. Patent No. 2,219,752 has been issued. Ryan feels 

honored in having been selected to develop the world's largest exhaust manifolds for the 
world's largest bomber. (( Your exhaust collector ring needs may not call for so huge an 
installation as on the B-19, still the problems involved may be even more intricate. If so, you 
too can benefit by Ryan engineering experience and production facilities. Ryan produces all 
types of exhaust manifolds to meet any requirement. We arc producing at three times the 
volume of a year ago, and making deliveries in advance of customer's needs. Yet, recently 
expanded facilities assure capacity for a large additional volume of exhaust manifold busi- 
ness. Your and our engineers should get together. 


RYAN AERONAUTICAL CO., LINDBERGH FIELD, SAN DIEGO, CALIF. 

Builders of Famous Ryan S-T Trainers 
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only by tedious, expensive 
methods! • Shims (.002 or .003 

supply dealers. 


IAMINUM 


| ADJUSTMFST 


(Continued from page 190 ) 

Two hardness testing machines, a 
Rockwell and a Vickers Reflex Tester, 
complete the equipment of the physical 
laboratory. The Reflex tester is possibly 
the only one of its kind in the United 
States and is particularly interesting be- 
cause of its ability to measure the rela- 
tive hardness of metals without leaving 
a serious flaw on the surface of the 
piece tested. A finely-ground diamond 
point is pressed against the metal. The 
resultant depression, hardly visible to 
the naked eye, is magnified powerfully 
and projected on a ground glass screen. 
The image cast on the screen is meas- 
ured and from this measurement the 
true surface hardness of the metal can 
be determined with a high degree of 
accuracy. 

A description of the microscopic 
equipment completes the listing of the 
major installations in the laboratory. 
However, the laboratories are now be- 
ing enlarged and part of the added space 
will be utilized for a new X-ray lab- 
oratory. This X-ray apparatus will 
enable the observer to see inside the 
various parts and find flaws which yield 
to no other method. Important infor- 
mation on strains and grain structure 
may also be gained using X-ray diffrac- 
tion equipment. 

Microscopic examination is particu-. 
larly useful in studying the structure or 
"grain" of metals. By this means it is 
frequently possible to ascertain whether 
a failure or flaw was the result of a 
fault in the metal itself or due to ex- 


Tho macro camera in the Ranger metal- 
lurgical laboratories Is used to photograph 
ilaws and fractures in bearings or other 



ternal forces. A sample of the ntetnl 
to be studied is first molded in Bakelite. 
then polished until it offers a plane sur- 
face, mirror smooth. It is placed before 
a powerful microscope, which can give 
any desired magnification up to 2000 
diameters visually or photographically. 
Other equipment comprises a binocular 
microscope and a macrocamera. An- 
other complete metallurgical microscope 

The major purpose of the laboratories 
is absolute control of materials going 
into the fabrication of the engine. An 
equally important function is the study 
and investigation of all experimental 
and service failures to determine their 
cause and cure. But it is fully obvious 
that this persistent investigation and 
questing for better materials and meth- 
ods of manufacture inevitably leads to 
developmental research — a by-product 
which pays big dividends when har- 
nessed as it is at Ranger. 

The by-products of research and ex- 
perimental development can — and fre- 
quently do— determine the survival of 
those commercial organizations faced 
with the challenge of diminished and 
dislocated markets. In the admittedly 
difficult period which will follow dose 
on the heels of the war’s end, flexibility 
of method and elasticity of thought, 
coupled with a dynamic will to antici- 
pate, even create new social wants and 
develop artificially retarded markets, 
will enable aviation producers, with few 
exceptions, to continue useful and pro- 
ductive activities within the structure 
ot the national economy. 

Much will depend, however, on the 
extent of collective and cooperative 
effort on the part of the whole industry. 
While Ranger is by no means the only 
aviation concern utilizing the laboratory 
extensively, the account of its equip- 
ment and some of its accomplishments 
should give rise to serious speculation 
on the part of many aeronautical pro- 
ducers whose plants are not similarly 
equipped. 

In the era of free markets regulated 
by supply and demand unmodified ex- 
cept by acts of God, management’s 
thinking could terminate with the de- 
livery of its product and collection of 
the stipulated fee therefor. No longer 
can responsible businesses operate in 
this fashion. Successful and enduring 
commercial concerns must integrate 
their organization and products with 
the social and economic environment, 
plan years ahead, anticipate every pos- 
sible eventuality and be ready with a 
carefully thought out program for each 
and every transition or dislocation 
which conceivably might eventuate. In 
a highly technical and mechanized in- 
dustry such as aviation, the laboratory 
is the logical nucleus around which wise 
planning for the future revolves. 
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The illustration below shows how this lighting produces 
little shadow and brings out every detail of the plane, 
including fuselage and wing construction. 




oiniial iuctiic MAKIS ALL TVPIS OF LAMPS io provide “bcncr than daylight" for in- 
dustrial lighting. These lamps include: (1) G-E MAZDA F (fluorescent) lamps, 
(2) RF (rectified fluorescent) lamps, (3) MAZDA C (filament) lamps, (4) MAZDA 
H (Mercury) lamps. See your G-E MAZDA lamp distributor for complete details. 


AT the Stinson Aircraft Company’s Wayne, Mich., 
A plant, General Electric's RF (rectified fluorescent) 
lamps provide 30 footcandles of "indoor daylight” to 
speed defense work. In this unretouched photo of the 
cross-feed dial on a typical lathe, note how clearly RF 
lighting reveals the markings, making them easy to read 
quickly and accurately. 


Let General Electric show you how you 
can speed production, reduce errors, and 
improve morale in your plant with high- 
er lighting level that is "better than day- 
light” because it is efficient, economical 
and dependable. Your local electric 
service company or your G-E MAZDA 
lamp distributor will show you how to 
get these higher lighting levels, either 
with RF fluorescent, or G-E MAZDA F 
lamps, incandescent lamps or mercury 
lamps, or a suitable combination . . . 
engineered to your needs. General Electric 
Company, Nela Park, Cleveland, Ohio. 

AT LEFT: General Electric HF (rectified fitioresrent ) 
and mounted at a height of 13' b". HFfiuo- 


GENERAL B ELECTRIC 
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Servicing Canadian Kinners 
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AND ALL SEALING 
PARTS ON THE 
HYDRAULIC SYSTEM 


Ameripol*, adapted by Miller’s 
special formula, offers an im- 
proved sealing medium to the 
aviation industry. This new syn- 
thetic rubber retains its flexibility 
atsub-zero temperatures (-50°F.); 
has exceptionally low oil 
absorption; has very low friction; 
can be fabricated to close toler- 
ances; and is resistant to heat, 
light, ozone, and non-corrosive 


Write for new bulletin con- 
taining complete technical data 
on this modern synthetic. Ex- 
perienced Miller engineers are 
always ready to work with you 
in designing longer-lived, more 
dependable sealing parts of 
Ameripol». 

*Reeiilered Trade Mark of 
The B. F. Goodrich Company 


MILLER RUBBER CO., INC. 

AKRON, OHIO 


blanketing or partial cowling of the 
barrels produced similar results. Warm 
air in front with cold air in the rear 
caused heavy condensation throughout 
the rear section, and this added further 
complications, such as rust in the timing 
gears, valve tappets, accessory drives, 
etc. Icing occurred in the induction sys- 
tem. Water froze on the oil screens, 
stopping the flow of oil. 

A conventional cowl with louvers cut 
in the rear section to permit a flow of 
air around the entire engine is now 
standard equipment. 

In a like way Canada has worked out 
a number of practices with respect to 
cold weather operation and servicing 
which have materially contributed to the 
ultimate efficiency. 

The vital importance of proper 
warm-up was not fully recognized at 
first. Airplanes were left out in below- 
zero weather during the lunch hour and 
then taken into the air immediately 
without warm-up. The danger of this 
practice was realized when some of the 
engines froze up for lack of oil causing 
a forced landing shortly after take off. 
Today at all Canadian schools the lunch 
period is staggered so that an engine, 
once it has been placed in operation for 
the day, is never allowed to grow cold. 

Canada has found that the oil system 
in an airplane engine is its most vulner- 
able spot in winter operations. Even 
where planes are wheeled from warm 
hangars and allowed to stand for only 
a few minutes the oil will congeal. Dif- 
ferent viscosities of oil were experi- 
mented with to lessen this danger. Oils 
as light as SAE 15 were uscd.but it was 
found that with light oil the film broke 
down under the pressure, while too 
heavy oils were quick to congeal. In 
each instance the net effect was the 


same — the bearings got no oil. 

A correspondingly wide range of ex- 
periments were carried on with respect 
to oil changes. Out of all this had come 
an eminently satisfactory standardiza- 
tion. SAE 40 oil is specified and oil is 
changed at 30-hour intervals. In addi- 
tion, engines must be started immedi- 
ately after planes arc wheeled out of the 
hangars. 

In the ultimate. Canada's experience 
sums up largely to this : once an engine 
has been warmed up so that the oil 
is circulating properly, the coldest 
weather makes little difference in its 
operation, but on the ground an airplane 
in Canada in winter demands entirely 
different attention than it does in Cali- 

The application of this principle has 
produced far-reaching results. Engines 
operate under every conceivable condi- 
tion — the sleet, snow and rain of winter, 
the dust and heat of summer — in meet- 
ing the gruelling demands of primary 
training. Yet, with weather's destruc- 
tive influences surmounted and largely 
eliminated, they deliver a third more 
hours between overhauls and require 
far less servicing. 

The Canadians may have done things 
the hard way. They might have had an 
easier time if they had established train- 
ing schools in the milder regions of the 
United States. But you will find few 
of them who won't contend that the hard 
way was the best after all. The training 
continued in temperatures as low as 20 
below and in two and a half months they 
flew 13,000 hours. The men who trained 
under these conditions were more than 
prepared for duties in Europe. They 
became veterans in flying conditions 
worse than anything Europe has to 
offer. 



"Engineers in Rubber" 










Maneuvers 

(Continued from page 57) 


then a swarm of Blue Douglas A-'O.A's 
would unload more flour sacks in an- 
other simulated bombardment. From 
the very outset Gen. Dargue used his 
pursuit superiority to embarrass Gen. 
Harmon, who was put to it to give 
properly escorted bomber support to his 
attacking Red Army while simultane- 
ously defending with fighters the vul- 
nerable bridgeheads created by the 
ground advance across the Red River. 

More remarkable than the high oper- 
ational standard of the air forces was 
their outstanding safety record. For 
instance, the Third Air Task Force had 
expected heavy casualties due to oper- 
ation from makeshift fields around 
Lake Charles. However, Blue landing 
and takeoff fatalities were kept to 5, and 
oi these, 3 were men in National Guard 
observation squadrons. In all, 10 men 
were lost — and this in spite of the fact 
that pursuit planes carried out their 
attacks on other formations with a real- 
ism and tenacity quite alarming to 
ground witnesses. 

Credit for sustained and safe flying 
was attributable in no small part to the 
enthusiasm of maintenance crews and 
to the efficiency of organization. Typi- 
cal was one crew of the First Observa- 
tion Squadron. Though exhausted by a 
long day, they insisted on rushing 
through an unordered 100-hour check 
on a Stinson 0-49. The work began at 
midnight, and proceeded under semi- 
blackout conditions in a front-line sheep 
pasture from which the plane was tem- 
porarily operating. Such enthusiasm 
enabled this liaison squadron to fly an 
average of 22 hours, 7 minutes per 
day on tactical missions when otherwise 
paucity of planes would greatly have 
curtailed indoctrination of ground 
forces in the use of short-range air ob- 
servation. In the GHQ phase alone, 
they flew 219 tactical missions for a 
total of 256 hours. 

To obtain full realization of Air 
Corps safety achievement it is necessary 
to emphasize the point that flying crews 
often worked well beyond the point of 
maximum efficiency. A Red observa- 
tion squadron using Stinsons was so 
anxious to serve the cavalry division to 
which they were attached that they man- 
aged regularly to pass the limit of two 
two-hour missions per day per crew. 
But so thorough had been training that 
even when fatigue caused pilot error, 
the airmen of this squadron were able 
to bank on their, basic flying skill to re- 
deem the situation. In taking off from 
a tree-bordered pasture, one pilot for- 


got to lower his Stinson’s flaps, and yet 
got his ship out of the postage-stamp 
held undamaged. Although they oper- 
ated throughout the entire maneuver 
period, this squadron's only mishap oc- 
curred when a plane rammed an undis- 
covered stump. 

While praising the Air Task Forces 
and observation squadrons for their 
performance in the Louisiana maneuvers 
it is well to bear in mind that their 
work was only an indication of the 
high promise of the Air Corps— a 
promise of efficiency and power that can 
soon be realized if popular obsession for 
numerical strength does not interfere 
with sound expansion and training 
doctrine. In these same maneuvers 
there were many signs that haste and 
overgrowth can transform the Air 
Corps into an amorphous mass of un- 
military and unindoctrinated personnel. 
Already alarming is the fact that at no 
field did commanders compel dispersion 
of aircraft. Of course, the necessity for 
frequent flights from hopelessly over- 
crowded fields weighed against measures 
that would retard servicing. Never- 
theless, in view of the fact that the vice 
®f lining ’em up has cost Poland, Hol- 
land, Belgium, France and Yugoslavia 
their air forces, the observer must ex- 
perience a 'pang of horror to see Army 
and Navy ships land and taxi up to form 
serried ranks, wing-tip to wing-tip. 
Certainly at the CAA field near Arcadia, 
where National Guard observation 
planes based, there was no reason for 
the planes to huddle like covies of quail. 
One end of Esler Field was especially 
camouflaged and fitted with tree-shaded 
revetments to protect three pursuit 
planes, yet the 21st Aviation Engineers 
had the greatest difficulty in inducing 
any pursuit to leave the concentration 
of planes around the hangar and take 
to the woods. Generally this Esler 
Field project and the camouflage instal- 
lations at the Nachitoches airport failed 
to arouse proper interest. Visiting and 
native planes boiled in and out of Esler 
Field, but practically no one bothered 
to wander over and survey the progress 
the Engineers were making. Camou- 
flaged dispersion facilities at the Red 
Nachitoches Field were better utilized, 
but so apathetic was the bulk of Red 
air force personnel that one generally 
learned of the engineers' work only by 
a visit to the field. Since second lieuten- 
ants today will two years hence be 
squadron leaders in command of such 
fields, this state of affairs is regrettable 
It is more regrettable that the work 
done was attempted on a shoestring 
with insufficient time and not enough 
personnel. 

Rather distressing to notice was the 
attitude of many reserve pilots towards 
the light planes which made their ap- 
pearance in maneuvers. A young second 
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Long recognized as standards of reliability and performance, 
PESCO Aircraft Fuel Pumps offer these important advantages : 

• Simplified design— no snap rings, internal screws, rivets or 

similar bonds. 

• Fewer parts to stock for replacement. 

• Required periodic overhaul accomplished more readily. 

• Maintenance cost reduced. 

e Unusually low power consumption. 

• High suction lift. 

• Comparative oscillograph analysis indicates pressure pul- 

sation as slight as those of more complicated design. 

• Splined rotor-coupling engagement insures greater 

dependability and longer life. 

COMPARE THESE FIGURES 

PESCO Fuel. Pump illustrated above compared with other 
makes of same output roting. 
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PUMP ENGINEERING SERVICE CORPORATION 


DIVISION BORG-WARNER CORPORATION * 12910 TAFT AVENUE * CLEVE LAND, OHIO 
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Irer/tting under 


The Multiclick Electrigage is like a 
battalion of U. S. troops. They quickly 
establish order and have everything 
under control. The Multichek Electri- 
gages check a number of dimensions on 
a work part simultaneously, flashing the 
answers on a control panel. 

This panel carries an elevation draw- 
ing of the work piece with each critical 

vided for each of these dimensions! 

A signal light showing red indicates iti 


checked a master signal may be provided 

signal unless it indicates trouble some- 
where below. 

Other models of this instrument ore 
just as effective on extremely large shell 
bodies os this model is on small pinions 
less than a quarter of an inch long. Every 
part produced in large quantities which 
has several dimensions to be checked 
should be inspected on the Multichek 
Electrigage regardless of bulk. 

Write for details 
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Aeronca 

( Continued front page 110 ) 


valor movement has been lightened by a 
change of leverage between the stick 
and the shaft. These changes are said 
to have resulted in a complete new sys- 
tem with finger tip control on the stick 
a ltd easy rudder movements. 

The fuselage has been widened four 
inches at the bottom of the cabin, thus 
increasing the cabin and seating arrange- 
ment. The student seated in the rear 
seat is still about 5 in. higher than the 
instructor in the front. Instruments 
have been rearranged with the altimeter 
and tachometer on the outer edges of the 
panel; airspeed has been moved to the 
center of the panel and the ignition 
switch is now on the right hand side of 
the cabin above the door where it is 
easily accessible to both occupants. 

Standard brakes will be of the im- 
proved Shinn type that has been widely 
accepted and approved. 


Flying Wing 

(Continued front page S3) 


the present “all-wing” design is an- 
other feature which has been thoroughly 
investigated. Although there is still much 
work to be done along this line it now 
appears that such auxiliary lift devices 
can be applied as effectively to this plane 
as to more conventional designs. One 
of the basic reasons for this is that the 
lift increase achieved by any means on 
the “all-wing" plane affects the entire 
plane, without considering the can- 
celling effect of auxiliary control sur- 
faces, fuselage, etc., of the conventional 
plane. In our plane the entire wing lifts 
during normal flight. 

Engineering of the present flying 
mock-up was begun in July, 1939 and 
first flight tests were made by Vance 
Brcese from Muroc Dry Lake in July, 
1940. After early tests had proved the 
plane to be satisfactory as to stability 
and control the flight test program was 
turned over to Moye W. Stephens, Sec- 
retary of Northrop Aircraft, Inc., who 
has now made more than 200 flights 
during the past year. 

Further engineering and development 
work is now under way. We hope, when 
we are able to turn from the desperate 
urgency of present military work, to be 
able to demonstrate air transport planes 
of “all-wing” design which will have 
top speeds as much as 100 m.p.h. greater 
than will be possible with conventional 
designs of equal power and capacity. 
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There are oxygen masks for pilots when the going gets tough, but a plane's finish 
has to take conditions as they come — sun, rain, gale-driven dust and sudden temper- 
ature changes. That's why North American planes arc Berryloid-finished. In fact, 
three out of four planes built, have the superior protection of Berryloid Finishes. 


BERRY BROTHERS 

Oil, MICHIGAN WALKERVIllE. ONTARIO 
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Air Filters 

( Continued from page 115) 


by the filter fairly evenly throughout the 
entire depth of the filter media and 
thereby provide maximum dust-holding 
capacity with minimum rise in resist- 
ance. Such a filter, if properly made, 
should last virtually as long as the plane 
in which it is mounted. It can be cleaned 
by washing in gasoline, and oiled by 
dipping in airplane engine lubricating 
oil, both of which are readily available 
at any air base. The only additional 
equipment required for maintenance is a 
small supply of spare filter cells and 
suitable tanks for washing and charging 
the filters; so the transportation and 
maintenance problem is reduced to an 
absolute minimum. 

The development of a suitable viscous 
impingement type filter which provides 
maximum cleaning efficiency, maximum 
dust-holding capacity and minimum 
weight and size presented a very inter- 
esting research problem. The filtration 
of air is a rather new art and was 
started only 20 years or so ago, but 
during that time certain standard prac- 
tices have developed in applying air 
filters to ventilating and air conditioning 
service. For instance, it has been cus- 
tomary to limit the velocity of air flow 
through the free area of viscous im- 
pingement type filters to a maximum of 
350 f.p.m., and to make the filters ap- 
proximately 4 in. thick. The resistance 
to air flow had to be kept low (£ in. to 
f in. w.g. when dirty) because the 
blowers used in ventilation service are 
incapable of overcoming high resistance, 
and filters had to have a sufficient dust- 
holding capacity to operate under normal 
dust conditions for a period of from 4 
to 6 weeks before cleaning was neces- 
sary in order to keep their maintenance 
cost within reasonable limits. In de- 
signing a filter for military airplane 
service, however, it was necessary to 
disregard standard practice for venti- 
lating and air conditioning service, and 
virtually start from scratch in an attempt 
to develop a thinner filter which would 
afford satisfactory protection at much 
higher air velocities, thereby reducing 
both the weight and the size of the filter 
unit. After consultation with various 
airplane manufacturers and government 
officials, the following fundamental speci- 
fications for airplane filters were estab- 
lished : 

(1) Maximum permissible resistance 
when dirty — 4 in. w.g. 

(2) Minimum permissible efficiency 
—90 percent. 

Having established these two limits, the 


performance of a filter, therefore, may 
be judged by the velocity of air flow 
and the amount of dust it is capable of 
accumulating before the resistance ex- 
ceeds 4 in. w.g. or the efficiency drops 
below 90 percent. As a general rule, 
the efficiency proves to be the determin- 
ing factor, and most of the filters tested 
dropped below 90 percent efficiency be- 
fore the resistance reached 4 in. w.g. 

With the idea of making a filter hav- 
ing the absolute minimum thickness, 
much of the original research was de- 
voted to the development of a filter 1 in. 
thick. Referring to Fig. 2, the curves 
marked "A” and “B” indicate the per- 
formance of two of the best j in. thick 
filters developed. It will be noted that 
filter “A" dropped below 90 percent 
efficiency after accumulating a dust load 
of approximately 198 grams per sq. ft. 
Filter “B”, another J in. filter of some- 
what different design, accumulated 252 
grams per sq. ft. before the efficiency 
dropped below 90 percent, which is an 
improvement on filter “A”, but is very 


D |00 f.p.m. UM-163 *26.00 

rig. 4 

poor when compared to filter “C” which 
is 2 in. thick. Filter “C” drops below 
90 percent efficiency only after 954 
grants per sq. ft. have been accumulated. 
The best i in. thick filter (filter "B”) 
therefore has only about 25 percent the 
dust-holding capacity of filter “C” when 
operated under parallel conditions. All 
tests indicated in Fig. 2 were made with 
a dust concentration of .03 grams per 
cu. ft. and an air velocity of 600 f.p.m. 
through the free area. 

When the use of air filters on military 
planes was first being considered, it was 
thought that a velocity of 600 f.p.m. 
through the free area would be about 
the maximum which could be used, but 
in view of the much superior perform- 
ance of the 2 in. thick filter over the 3 in. 
thick unit, as indicated in Fig. 2, the 
possibility of using higher air velocities 
became evident. 

Fig. 3 shows the comparative per- 
formance of the best j in, filter with air 
velocity of 600 f.p.m. (curves "D”) and 
two somewhat different 2 in. thick filters 
at velocities of 900 f.p.m. and 1,000 
f.p.m. Referring again to fundamental 
specifications that the resistance must 
not exceed 4 in. w.g. and the efliciency 
must not drop below 90 percent, it is 
evident front these curves that filter “D” 
with air velocity of 600 f.p.m. falls 
below efliciency requirements after 14 
minutes; filter "E” with air velocity of 
900 f.p.m. is good for 30 minutes; and 
filter “F” with air velocity of 1,000 
f.p.m. is also good for 30 minutes. The 


overall efficiency of filter “F" is con- 
siderably better than filter “E” and it is, 
therefore, preferable from the standpoint 
of both efliciency and the space required 
for its installation. 

From the standpoint of weight, filter 
“F” compares favorably with the other 
filters if an air velocity of 1,000 f.p.m. is 
employed. As an illustration, an 1800 
h.p. engine requires approximately 2700 
c.f.m. (1.5 c.f.m. per h.p.). If filter "D” 
is used with velocity of 600 f.p.m., a net 
area of 4.5 sq. inches would be required, 
and such a filter would weigh approxi- 
mately lli lbs. If filter "E" is used with 
a velocity of 900 f.p.m., a net area of 
3 sq.ft, would be required, and this 
filter would weigh approximately 12.2 
lbs. With filter "F” employing a velocity 
of 1,000 f.p.m., a net area of 2.7 sq.ft, 
would be required, and filter would' 
weigh approximately 11.8 lbs. 

The following tabulation will give a 
general idea of the comparative costs 
of the three filters for handling the same 
air volume at the velocities indicated : 



In view of this small difference in 
cost and the much superior performance 
of filter "F" its use in preference to the 
other units would seem logical, especially 
in view of the fact that it requires less 
space than either of the others. 

Material and Construction 

Some of the original air filters made 
for airplane service were provided with 
aluminum channel frames in order to 
reduce weight to a minimum. It was 

handling air filters frequently receive 
steel channels hold up much -better, espe- 
cially at the corners where they are 
welded. The cost is less and by using 
20-gage steel instead of 16 or 18-gage 
aluminum, n is possible to obtain a more 
rugged filter without materially increas- 
ing the weight. 

The filter media used in all the air 
filters developed (with the exception of 
filter “A", Fig. 2) is a combination of 
knit steel wire and knit copper ribbon. 
The knit steel wire is placed on the air- 
entering side, and the first few layers 
are crimped in order to provide space 
between the individual strands of media 
which will permit a considerable amount 
of dust to accumulate without blocking 
off a large percentage of the air passage. 
These crimped layers of media are fol- 
lowed by flat layers of knit steel wire 
which forms a more dense section, and a 
still more dense section is formed by the 
woven copper ribbon. Again referring 
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CUItTISS MILESTONE 

The New Curtiss Columbus Plant 
Adds its Production Might to 
the Nation’s Defense Effort 


★ The dedication of the new Curtiss I 
Columbus plant on December 4 forges I 
another strong link in the country’s 1 
Defense Effort. 

Already engaged in production of Dive 
Bombers and Scout Observation Planes 
for the United States Navy, Columbus, 
like Buffalo and St. Louis, is geared to 
produce all of the many types of Cur- 
tiss Military Aircraft. Its floor area — 
1,282,000 square feet — is greater than 
all of the facilities of the Airplane 
Division of Curtiss-Wriglit in 1940. 




to Fig. 3, the superior performance of 
filter “F” over filter "E” was obtained 
by adding 8 more layers of crimped and 
flat knit steel wire. In addition to im- 
proving the efficiency and permitting 
higher air velocity, crowding this extra 
media into this 2 in. space will result in 
better wearing qualities. The reason 
for this is that these filters will be sub- 
jected to considerable vibration, and the 
more tightly the individual layers of 
media are pressed against each other, 
the less opportunity they will have to 
move and cause wear by rubbing. 

Installation In Airplanes 

The size air filter required for an air- 
plane engine is determined by the fol- 
lowing procedure. It is first necessary 
to determine the cubic feet of air to be 
handled, and the usual practice is to 
figure 1.5 c.f.m. per h.p. at military or 
take-off power, whichever is the higher. 
The next step is to decide on the type 
of air filter to be employed and select a 
velocity of air flow for this filter which 
will give satisfactory performance. The 
net filter area required is then deter- 
mined by dividing the c.f.m. by the 
velocity of air flow, and after this is 
calculated the dimensions of a filter 
which will give this net area can be 
determined by the space available for 
mounting. As far as possible, air filters 
should be of rectangular shape and must 
be absolutely flat. 

Air filters may be installed at any con- 
venient point between die air intake and 
the carburetor, and this is a problem 
primarily for the airplane manufacturer 
to solve. Many installations are being 
made directly in the air scoops. Filters 
so installed should be mounted in such a 
manner that loose dirt particles will tend 
to fall away from the filter panel, and 
suitable means such as slots or tubes 
should be provided to carry overboard 
any dust that collects in the duct on the 
up-stream side of the filter. The size 
and number of such slots, however, 
should be held to a .minimum to avoid 
excess loss in ram. 

On installations in which turbo super- 
chargers are used, the filter may be in- 
stalled either before or after the super- 
charger. The consensus, however, seems 
to be in favor of installing them after 
the supercharger and intercooler. The 
only disadvantage with such an installa- 
tion is that the supercharger is not pro- 
tected from the abrasive effect of the 
dust, although from information now 
available no appreciable wear has oc- 
curred on superchargers under condi- 
tions which caused severe engine wear. 
A bypass around I lie air filler is essen- 
tial when il is installed in a position 
where it may become stopped up by 
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air intake connects directly to the car- 
buretor without going through the filter, 
but it is important that no heated air 
should be passed through the filter. 
Filter should be accessible for servicing 
with the removal of a minimum amount 
of cowling. Rapid acting fasteners 
should be used to hold filter channels in 
place except when the filters are in- 
stalled on the pressure side of the super- 
charger, in which case the use of a 
limited number of screws is permissible. 

(1) Tabulated below are the various 
characteristics of a viscous impingement 
type air filter which deserve special con- 
sideration, in the order of importance: 

(a) Ability to maintain a high clean- 
ing efficiency even after a large amount 
of dust has been accumulated. 

(b) Strength of construction and 
ability to withstand frequent and rough 
handling — Permanency. 

(c) Size — Space required for install- 
ed) Weight. 

(e) First cost. 

(2) The superiority of filters 2 in. 
thick over filters i in. thick is definitely 
indicated. 

(3) Of the 30 or more filters made 
and tested, filter designated as UM-155 
(Filter “C” Fig. 2 and Filter “F” Fig. 
3) is by far the best, and costs very little 
more than inferior designs. An interest- 
ing sidelight in this connection is the 
fact that filter “E” and filter “F” are 
identical in external appearance, which 
goes to show that you can’t tell much 
about an air filter just by looking at it. 

(4) It is the opinion of some authori- 
ties that a filter should be able to operate 
for a minimum period of 30 minutes 
with a concentration of .03 grams of 
dust per cu. ft. of air handled, without 
exceeding 4 in. w.g. and without drop- 
ping below 90 percent in cleaning 
efficiency. Filter “D" does not meet this 
requirement even with a velocity of 
only 600 f.p.m. Filter “E" barely quali- 
fies at 900 f.p.m., and filter “F” barely 
qualifies at 1000 f.p.m. 

(5) Improved performance can be 
obtained from any of the filters tested 
by using somewhat lower velocities than 
those for which curves are shown in 
Fig. 3. 

(6) Test results arc influenced By a 
number of factors other than filter 
design, such as (a) temperature, (b) 
viscosity of oil used, (c) specific gravity 
and particle size of dus.t, (d) test pro- 
cedure. and (e) dust concentration per 
cu. It. These five possible variables were 
controlled as indicated below : 

(a) All tests were made at tempera- 
tures varying from 60 deg. to 80 deg. F. 

(b) 120-second (Saybolt Universal 
Viscometer at 210 deg. F.) airplane 
engine lubricating oil was used for 


charging the filters being tested. 

(c) Portland Cement was employed 
as the test dust. Dust was first dried 
and then screened for a sufficient time to 
get 100 percent through the 100-mesh 
screen and at least 50 percent through 
the 325-mesh screen. 

(d) Uniform procedure was followed 
on all tests covered by this report. For 
details see “Supplementary Data.” 

(e) Dust concentration was main- 
tained at .03 grams per cu. ft. regard- 
less of air velocity, by use of an auto- 
matic dust feeder of the vibration type 
which fed a uniform mixture of fine 
and coarse dust particles. 

Supplementary Data 

The apparatus consisted of a duct of 
sufficient length to obtain proper air dis- 
tribution and mixing of the dust and 
air, of a size and design to take an 8 in. 
x 9i in. filter either j in. or 2 in. thick. 
The duct was connected to a high pres- 
sure blower and had a damper to control 
the amount of air which the blower 
pulled through the system. Inclined 
draft gages were used for measuring the 
resistance or pressure drop across the 
filter, and for measuring the pressure 
drop across the calibrated orifice placed 
at the entrance of the duct to measure 
quantity of air flowing in the system. 
The test dust was introduced by a vibra- 
tion type dust feeder in such quantities 
that a uniform dust concentration of .03 
grams per cu. ft. of air was obtained. 
A balance was used to weigh the filter 
and the dust fed into the system. 

The filter to be tested was dipped in 
120-second (Saybolt Universal Vis- 
cometer at 210 deg. F.) airplane engine 
lubricating oil and allowed to drain over 
night. It was then weighed and placed 
in the test apparatus. The proper amount 
of dust to give a dust concentration of 
.03 grams per cu. ft. at the rate of air 
flow employed for a period of ten 
minutes was weighed out. The test was 
then started and conducted for ten 
minutes. The filter was then removed 
from the system and weighed. The dust 
that settled out in the duct in front of 
the filter was removed and weighed and 
this weight subtracted from the weight 
of the dust fed into the system to obtain 
the actual amount of dust entering the 
filter. The efficiency of the filter was 
then determined by dividing the weight 
of the dust caught by the weight of dust 
actually entering the filter cell. At least 
three such ten minute tests were made 
on each filter. The test dust employed 
was Speed Portland cement, all of which 
passed through 100-mesh screen and at 
least 50 percent of which passed through 
325-mcsii screen. Dust was dried by 
heating at 215 deg. F. before screening 
for a sufficient length of time to drive 
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of steel, H-P-M Fastraverse 
Presses handle duralumin with 
equal efficiency. The large 
gasoline tank parts being 
pressed at the Douglas Santa 
Monica plant are typical of the 
important role H-P-M "all 
Hydraulic" equipment is play- 
ing in industry's "all-out" de- 
fense production. What is 
Your Pressing Problem? 

THE HYDRAULIC PRESS MFC. Co. 

Mount Gilead, Ohio, U. S. A. 

0 1 1 1 , i r I Sale, Office), New Ye'l*. Syrcceie, 


THE AIRCRAFT INDUSTRY ADOPTS 


H-P-M Fastraverse 
Blankholder Presses 
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Welding Procedure 

(Continued from page 117) 


stance for which it is desirable is the 
attachment of a thin gusset plate by 
means of a fillet weld. “Scale" welding 
is naturally slower than either fore- 
hand or backhand, but does have the 
advantage of causing less distortion. 
It should not be used except for those 
special purposes for which it was 

The most important precaution 
regarding “scale” welding is to keep 
the weld protected by the flame envelope 
at all times. When allowing each suc- 
ceeding weld to solidify, draw the flame 
bock along the line of the flame. Do not 
flick it off to one side. 

4. Qualification of the Welding Operator 
To Follow the Procedure. 

In many respects this is the most im- 
portant part of the procedure control. 
In welding shops of plants not using a 
procedure control, practically every 
welding operator uses a slightly differ- 
ent technique from the rest. Some 
always use forehand welding, others 
always “scale" weld. Flattie adjust- 
ment is far from uniform and ranges 
all the way from slight excess acetylene 
to definitely oxidizing adjustments. 
Some operators allow the puddle to flow 
forward onto solid metal and then at- 
tempt to “dig it in” by dipping the 
inner cone deep into the puddle. Some 
operators start a puddle and, instead of 
keeping it uniform in size, allow it to 
grow continuously larger. When it 
appears that the puddle will get out of 
control, they flick the flame off to the 

thus expose the molten metal to the 
oxygen of the air. Frequently oper- 
ators doing “scale” welding expose 
each successive weld puddle to the air. 
After observing such variations in weld- 
ing technique, it becomes no longer a 
source of wonder that the welding 
results are not uniform. The fault 
lies in the lack of definite control. The 
proof in this statement is that in those 
plants having a definite procedure con- 
trol, consistently good results are 
obtained. 


5. Inspection and Testing of Completed 
Work. 

The most widely used testing method 
for completed work in aircraft is the 
Magnaflux test. The principle on which 
this test is based is that an electric cur- 
rent passing through a conductor sets 
up a magnetic field. Any discontinuity 
in structure of the conductor will cause 
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a change in the lines of magnetic flux, 
and this change can be indicated by 
small magnetic substances, such as iron 

In tile practical application to air- 
craft, an electric current is passed 
through a part at relatively low voltage 
and the part is either submerged in a 
tank having iron filings suspended in 
kerosene or liquid from the tank is 
pumped over the part. A visual exaini- 

surface of defective parts because of 
the concentration of iron filings at such 
points. In some plants parts are given 
a coat of light green paint before testing 
as this aids the inspector in seeing the 

As has already been mentioned, the 
design of jigs and fixtures is rightfully 
a part of procedure control. This func- 
tion should be performed under the 



tubing. Unless the pari is to be heaMreatod 
alter welding, the welding should bo 
allowed lo touch tubing only where welds 


direction of the welding supervisor, even 
it the actual construction work is per- 
formed by a separate department. 

Jig design is a broad subject, per- 
haps as broad as the subject of design of 
the structural parts. Therefore, a few 
general suggestions are all that can be 
given here. 

A jig should be designed with thought 
to the properties of the material being 
welded. S.A.E. X4130 is air-hardened. 
Any large masses of jig close to a 
weld will serve to hasten the quenching 

crease the tendency to form less ductile 

Oxy-acetylene welding can be done in 
any position, but the most consistent 
results will be found in those welds 
which are made in the flat position. 
It becomes advisable, therefore, to make 
all jigs so that they also become posi- 
tioning fixtures. 

The design of jigs for motor mounts, 
for instance, varies widely from plant 
to plant. Some jigs require the operator 


to make some welds lying on his back, 
welding in the overhead position 
through a small hole in the bed plate 
of the jig. In others the man must 
crawl into the most awkward position 
to complete the work. 

The best jigs for motor mounts are 
those which make it possible to weld in 
the flat position, or nearly so, at all 
times while the operator is in a com- 
fortable position. Such jigs cost some- 
what more but are justified from both 
the standpoint of the amount and the 
quality of the work done in them. 

The subject of operator comfort 
receives considerable attention in those 
plants doing consistently good work. It 
is inefficient to require a man to assume 
awkward and tiring positions. He 
obviously cannot do his best work. 
Stools of various heights best suited 
to the work should be provided wherever 
possible. 

Another point regarding jigs which 
should be stressed is the method of 
clamping. Quick-acting clamps are best. 
These require less time for mounting 
materials and often make it possible to 
hold parts fairly rigidly during welding 
itself and yet release the stress while the 
material cools through the brittle range. 

In one plant, small box-like parts are 
tack- welded in a jig but removed for 
welding. To minimize distortion dur- 
ing welding, short lengths of welding 
rod are added to support the parts. 
After welding, these are melted off. 
This method is excellent when welded to 
the edges of sheets, but should not be 
used to support tubular structures. The 
amount of welding performed on any 
tube should be kept to a minimum. If 
the designer has located the welds at the 
point of least service stress, his efforts 
may be nullified by any welding done 
at other points. 

In conclusion it should be stressed 
that consistently good results from a 
welding department are assured when 
management: (1) designs for welding: 
(2) establishes a procedure which will 
give the results expected ; (3) and quali- 
fies the welding operators to follow that 
procedure. 


1. Use no oil. Do not handle equipment 
with greasy hands or gloves. 

2. Use a slightly excess acetylene or 
neutral flame for steel welding — 
never fan oxidizing flame. 

3. Never do any welding or cutting on 
containers that have held a flamma- 
ble substance until they have been 
thoroughly cleaned and safeguarded. 

4. Have equipment inspected at frequent 
intervals. 

5. Do not use blowpipes, regulators, or 
other oxy-acetylene equipment in 
need of repair. 
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AVIATION 

You 've watched your son's interest in aviation grow from early childhood. You've seen him 
build model airplanes, watched him pore over aviation magazines. The day he fold you, "I want to 
learn how to fly," you understood. 

You knew that he loved flying just as your neighbor's son loved law, journalism or medicine. 
You knew that each would find adventure and success in the field he loved; that each would have to 
study hard to master the profession he chose. You knew that aviation was the most sensational devel- 
opment of modern times; that it was constantly expanding and would grow to undreamed-of propor- 
tions after the war. This is why you realized that your son's chances for success were greater in 
aviation than in any other field. 

You have heightened your son's chance for a successful future by giving him the understanding 
and encouragement he needs. But you can do more to further his ambition. You can help him select the 
best place for his training. 

The school your son chooses is of vital importance. The school is truly the cradle of the aviation 
industry. If your son gets the right kind of training at the beginning of his career, his opportunities for 
employment and rapid advancement will be greatly en- 
hanced. This is why he should select a well-established, 
government-approved school that is recognized in the 
industry. 

The Dallas Aviation School was established in 
1926. It is certified by the United States Civil Aeronautics 
Administration; is recognized by leaders in the aviation 
industry and is located in a state whose climate is favor- 
able to flying the year around. It is the school we hope 
your son will select for his training. 


MAJOR WILLIAM F. LONG, 
PRESIDENT. 


DALLAS AVIATION SCHOOL & AIR COLLEGE 


MAJOR W. F. LONG, Dallas Aviation School 
Love Field, Dallas, Texas. 

Without obligation. Name 

please send your Address 

catalog to: ci , 
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earnings statement reveals one reason 
for the lack of investor support. TWA 
will be the only major carrier to finish 
the year at a loss, despite the benefit of 
increased mail compensation. The com- 
pany has had a difficult time developing 
any real earning power. It is necessary 
to go back to 1936 for the company's 
most profitable year when it showed a 
net income of $205,000. For the years 
1937, 1938 and 1940, an aggregate net 
deficit of about $2,000,000 was reported. 
(A retroactive mail rate adjustment of 
about $400,000 converted a 1939 loss 
into a small profit). With its revenues 
bolstered by income received from train- 
ing pilots for the U. S. Army Air Corps 
and the British, there was some hope 
that TWA might make the profit column 
for 1941 ; however, the company will 
have to try again next year. 

TWA, in an effort to expand its 
routes, has formed a new air line cor- 
poration with the New Haven railroad. 
Control of the new corporation to be 
known as TWA-Ncw England, Inc. will 
be held by TWA with a 55 percent 
stock ownership. In addition for a route 
between New York and Boston, this new 
combine plans to apply for routes 
throughout the southern New England 
territory. As with all new route appli- 
cations, these petitions promise to take 
a long time before granted — if at all. 

The association of TWA with a rail- 
road in this venture recalls an interest- 
ing sidelight on the air line’s origin. 
The nucleus of TWA was formed in 
1929 under the financial aegis of the 
Pennsylvania Railroad. Originally in- 
vesting $502,000 in this enterprise, the 
railroad ultimately sold its interest at a 
sizeable loss. An officer of the railroad, 
however, has continued on TWA’s 
hoard of directors. This new railroad 
affiliation should rekindle old family ties 
as the Pennsylvania Railroad interests 
own about one-fifth of the common stock 
of the New York, New Haven and 
Hartford Railroad Co. 

Other aspects of TWA’s early finan- 
cial history may be of further interest 
in view of recent developments. In 1935, 
financial control of TWA was purchased 
by Lehman Brothers from General 
Motors. Early in 1939, Howard Hughes 
purchased Lehman’s approximately 100,- 
000 shares of TWA and control. The 
records and published reports indicate 
that the net result of the transaction was 
an estimated loss of more than $300,000 
to' Lehman Brothers. 

This same banking firm has again in- 
dicated its interest in the domestic air 
transport industry by becoming inter- 


ested in two of the smaller lines. Na- 
tional Airlines received financial 
assistance from Lehman Brothers along 
with business advice. In part consider- 
ation, the air line has granted the bank- 
ers an option to purchase 10,000 shares 
at $7.50 per share at any time before 
April 15, 1944. At the present price of 
the stock, this option is of no tangible 
value. However, much can happen in 
two and one-half years. 

In March, 1941, Lehman Brothers 
also entered into a purchase agreement 
with Continental Air Lines, Inc., pur- 
chasing 50,000 shares of stock at $3.75 
per share, to be offered to the public at 
$3.80 per share. In consideration of this 
agreement, Continental granted Lehman 
an option to purchase an additional 12,- 
500 shares of stock for a four year 
period at $3.80 per share. 

This participation of a leading bank- 
ing house in two of the smaller lines is 
indicative of the broadening interest in 
the securities of all of the air lines. At 
the present time, every domestic air 
transport company, except one, has se- 
curities outstanding in the hands of the 
public. As recent as two years ago, the 
investing public confined its interest, for 
the most part, to issues listed on the 
exchanges. These were few in number. 
However, as the industry became more 
firmly established and the individual 
lines began to develop some earning 
power, the public was "invited” to par- 
ticipate in the ownership of these vari- 
ous companies. As a result, the last year 
or so has seen many offerings of stocks 
of companies previously owned entirely 
by the pioneer founders. The "pio- 
neers". in most instances, have found it 
profitable to sell part of their holdings. 


table I 

kot High Low Traded (Shares) 

1! ? 1i it! IS 

Continental . . . . . . 4^ el zj otc zso!oo6 

NortheMtl !.'!!!!! IS 31 li OTC loolooo 

Northwest izj 14 7* NYS 234 920 

Penn -Central. . . . . 10 141 Si NYC 33l'790 

Unhed*. 14* !?| !j N?1 i fjj}' 00 ® 

NYS— New York Stock Exchange 
NYC — New York Curb Exchange 
OT C — Over-the-counter — (Bids used) 

•As of Nov. 7, 1941 

(Excludes any preferred stock or options 



Illustrating the extent of the public 
interest in air transport stocks, the first 
complete up-to-date summary of all air 
lines ever compiled in such manner is 
presented in Table I. The basic capital- 
izations, together with the market 
ranges for this year, are presented for 
every company that has securities out- 
standing in the hands of the public re- 
gardless if the issue is listed on a 
national exchange or traded “over-the- 
counter”. Moreover, this table also af- 
fords a comparison of the market action 
of each issue during the year. In most 
instances, the market prices were higher 
during 1939 and 1940. 

The only domestic air line which 
failed to make any public offering of 
securities throughout this period was 
Inland Air Lines, Inc. The reason may 
not be difficult to find when looking at 
the company’s earnings trend. For ex- 
ample, while every line lias shown con- 
sistent gains in gross passenger 
revenues, particularly during the sum- 
mer months, Inland actually reported 
declines for July and September. 

The action of Pan American Airways 
in declaring a $1.00 dividend came as a 
pleasant surprise to the financial com- 
munity. The last payment was 25 cents 
per share, made in November, 1938. 
This disbursement reflects the improved 
status of the company's operations. This 
stock has also been in the forefront of 
the group making new highs for the 
year. At current price levels, it is up 
about 80 percent from its low of 10. 

Despite its expansion expenses, Pan 
American’s earnings are definitely on 
the uptrend this year. Net income for 
1940 totaled $2,256,318 and surpassed 
1939 results by 12 percent. However, 
per share earnings were lower — being 
$1.19 in 1940 and $1.46 the previous 
year. In March, 1940, 525,391 shares 
of stock were sold to provide $6,250,000 
and increased the total stock outstand- 
ing to 1,887,355 shares. This equity will 
be diluted by the exercise of options 
outstanding. A total of 50,000 shares 
are subject to option at $12.50 per share 
to Pres. Trippe at anv time up to Feb. 
28, 1942. At Dec. 31, 1940. a total of 
62,645 shares were also allotted in con- 
nection with the company’s manage- 
ment stock purchase plan at $12.50 per 
share exercisable during the four month 
period to end Oct. 31, 1943. 

As long as certain fundamental rate 
questions are to be determined and as 
long as expansion programs are to be 
fulfilled, dividend payments in the air 
transport industry are likely to be de- 
ferred or substantially reduced. Regu- 
lar payments, however, are being made 
on the preferred stock outstanding by 
two companies: American and Chicago 
& Southern. During 1940 the only such 
payment made was by American Air- 
lines to the extent of $1.00 per share on 
its common stock. 
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W EATHERHEAD believes that National Defense is best 
met by painstaking thoroughness coupled with speed. 
So in stepping up the production of Weatherhead selector 
valves, hydraulic actuating cylinders. Dural tube and pipe 
fittings, and high, medium and low pressure hydraulic 
flexible hoses, the same precision of manufacture and 
careful testing of pre-defense days is continued. 
Weatherhead airplane parts are manufactured to Air Corps, 
Navy, and "AN” specifications, as standard production. 
Odd sizes and combinations are made to special order. 
Increased facilities are giving us top speed production for 
defense needs. Your inquiries are solicited. 


AIRPLANE DIVISION 

. Main Office: . 

" Cleveland, Ohio " 


East Coast Office: 
New York, N.Y. 


IFesI Coast Office: 


lop Speed Production on WEATHERHEAD Airplane 
Parts with Quality Materials and Expert Workmanship 


THE WEATHERHEAD CO. 
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Light Plane Maintenance 

( Continued from page 73) 


from all parts of the Nation, cover 
approximately 3500 airplanes. They 
cover operations at airports located 
from sea level to more than 7000 feet 
above sea level, from airports which 
require operations on skis as early as 
October to airports where it never 
freezes, from airports in the dust bowl 
\Vith unsurfaced runways to all-way air- 
ports covered with blue-grass, and to 
those with beautifully paved runways. 
These maintenance reports describe air- 
planes of operators whose business pol- 
icy is to avoid spending money for 
repairs as long as possible to operators 
who believe in the axiom, “A stitch in 
time saves nine.” These reports come 
in to Washington from the regions and 
present a story of almost limitless pos- 
sibilities. It is the responsibility of 
those who review these reports to read 
that story. It is their responsibility to 
learn from the reports things which 
might be done to give some help to 
each, or any, of the three musketeers. 

Certain incidents seem to happen in 
various parts of the country to certain 
airplanes. When things happen like 
that, the answer is easy because the 
failure is contingent upon very special 
conditions. Often, airplane "A” is sub- 
ject to failures to which airplanes “B,” 
“C,” and “D” are immune. Again the 
answer is easy because that particular 
type of trouble is one that "B,” "C," 
and “D” have either overcome or 
avoided. “A” is told of the existence 
of this trouble and finds little difficulty 
in overcoming it. The Washington re- 
viewers of maintenance reports notify 
the manufacturers involved, suggesting 
a remedy when it is apparent. The 
manufacturers, after assuring them- 
selves that the proper remedy is devel- 
oped, send bulletins to the flight con- 
tractors indicating the corrections. If 
these corrections are of importance to 
safety and the proper performance of 
the airplane, the Aircraft Engineering 
Division of the Civil Aeronautics Ad- 
ministration makes it mandatory for the 
operator to comply with the bulletins. 

The study of these epidemics, or 
•chronic ills, is extremely interesting. 
Frequently they occur only under one 
operating condition, or a combination 
of operating conditions. Sometimes they 
pertain to faulty design on the part of 
one manufacturer, which might show 
up as a welded joint which cracks in too 
many of his airplanes, or in frayed 
control cables which rub too hard in 


the fairleads, or perhaps the hinges of 
a tail surface develop defects similarly 
in too many cases. The cures for such 
as the above arc simple. In the case 
of an improper weld, members are 
made of different material, or the welds 
webbed, or made larger. Control cables 
are rerouted slightly to reduce rubbing. 
The hinges of the tail surfaces are re- 
designed to serve better. 

Faulty Operation 

Sometimes the ills are due to faulty 
operation; and when operation is at 
fault the first thing noticed is that the 
ills do not confine themselves to any 
particular airplane or any particular 
section of the country. Essentially they 
consist largely of those ills which are 
to be expected when engines are not 
properly warmed before take-off, when 
throttles are wide open all the time, 
and when regular and frequent main- 
tenance inspections are not made by the 
operator's mechanic. Pilot and mechanic 
carelessness accounts for many engine 
ailments. Many broken landing gears, 
and airplanes out of proper rig. These 
are perhaps the most difficult ill for us 
to cure. They are cancerous in their 
persistence ! Careless men just will be 
careless men! Our recourse is to in- 
form the operators and our regional 
supervisors about the existence of these 
ills and the importance of curing them ; 
and then to sec that if improvement is 
not shown in the operations wherein 
dangerous carelessness is practiced they, 

tract for flight training with the Gov- 
ernment. 

Ills due to maintenance frequently 
show up in the log book as irregular 
and too infrequent airplane and engine 
checks. They also show up as forced 
landings due to running out of gas or 
oil. Faulty condition of the ship and 
engine is so apparent to our regional 
supervisors that frequently we can ef- 
fect a remedy before a mechanical fail- 
ure occurs — a case where we may “lock 
the barn before the horse is stolen.” 
However, the means of effecting im- 
proved general conditions of mainte- 
nance are similar to those we must 
apply to faulty operation — that is; edu- 
cation, education, and again education ; 
and if we are unsuccessful in this, to 
leave the operator by the way side. 

Maintenance Saves Money 

Thousands of dollars have been need- 
lessly spent for replacement parts which 


would not have been necessary if main- 
tenance instructions had been followed. 
Engines have been returned to manu- 
facturers for replacement of cracked 
cylinders caused by incorrect gasket 
material being used by field mechanics. 
In some instances gasket material was 
too thin, increasing the compression 
ratio; and some material was too thick 
and permitted the barrels to flex and 
crack when they were tightened into 
position. One report covered the in- 
stallation of gasket material that over- 
lapped between the barrel pilot and the 
crankcase, which made it impossible 
to pull the cylinder down tight into the 
crankcase. 

Other cylinders that failed showed 
definite signs of detonation, due to cither 
use of improper fuel, wrong size car- 
buretor jets, improper use of mixture 
control, or the spark advance being too 
early. Had the manufacturer’s recom- 
mendations been followed, not only 
would the replacement parts have been 
unnecessary, but loss of use of equip- 
ment, during the period of repair, would 
not have occurred. Some manufac- 
turers have issued bulletins in which 
they recommend periods between en- 
gine overhaul ; and in the majority of 
cases this will be between 400 and 600 
hours. Frequently a top overhaul is 
recommended, in addition, at approxi- 
mately 200 hours. We find that opera- 
tors who are performing these over- 
hauls as recommended by the engine 
manufacturer have less mechanical dif- 
ficulty, buy fewer parts, and are able 
to keep their equipment in the air more 
consistently. Operators who follow 
manufacturer's directions arc definitely 
able to save money. 

The program of training in effect at 
present has made possible the establish- 
ment of an organization admirably suited 
to recognize and gather into one place 
knowledge' of fundamental airplane 
“ills.” This fund of information is 
available for interpretations which are 
important in the future development of 
the industry. They have shown that 
development must come with a consid- 
ered coordination of the three muske- 
teers — design, operation, and mainte- 
nance. Of these three, design is the 
more susceptible to constructive sug- 
gestions, but each of the three is equally 
important and care must be taken to 
insure that each shows progress. It is 
because of the manufacturer’s ready co- 
operation and his promptness in helping 
to rectify troubles by issuing instruc- 
tional bulletins to the users of his air- 
craft that we have stated that design is 
the musketeer most readily brought into 

The records of the Civilian Pilot 
Training Program justify an optimistic 
outlook to the future airplanes being 
maintained more intelligently and thus 
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/ f \J V V ^ EVERYTHING YOU WANT 
IN A DRILL FOR HIGH SPEED, HEAVY DUTY PRODUCTION 


' Ivf ol'A 


Powered for top speed drilling . . . designed \ 
for quick, easy handling . . . and built to stand \ 
up under constant, heavy duty operation — that’s \ 
the new Thor U14FS */" portable electric drill! \ 
It develops approximately twice the power of \ 
similarly rated, production duty electric drills, 
yet weighs only 4/ 4 pounds, measures only 7% 
inches overall. The new Thor U14FS is tough 
and ruggedly built . . . with, for example, the 


altera* 1 - 
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NOW 
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Britain's "New Heavies 

(Continued from page 105) 




ceilings of aircraft attempting to inter- 
cept then). In fact, the ceiling of 
the Boeing Fortress is not actually 
known, for it will still climb above 

40.000 ft., where atmospheric pressure is 
about 1/5 what it is at sea level (14.7 lb. 
per sq. in.), beyond which human 
endurance and ingenuity at present fails. 
Even the older models, which the British 
Purchasing Commission rejected early 
in 1940. had ceilings labelled 40,000 plus, 

much higher they could go. 

The reason for the exceptionally high 
ceiling for the Boeings is, of course, the 
turbo-supercharger developed by Gen- 
eral Electric, which at altitudes above 

20.000 ft. is superior to the mechanical 
type supercharger favored by the 
British. Moreover, although the aver- 
age European bomber is not steady 
enough to drop bombs accurately at 
20,000 ft., being confined to “regional 
bombing”, our own Air Corps is said 
to have placed several bombs within 
a 25 ft. circle on the ground from 
a Fortress at that altitude. This sta- 
bility, according to Eddie Allen, Boe- 
ing’s flight engineer and a former 
Associate Editor of Aviation, is en- 
tirely a matter of designing a bomber's 
tail surfaces. 

Regarding the turbo-supercharger, it 
is interesting to note that the Stirling 
has an alternative power installation of 
Cyclone 14’s which could be fitted 
with the General Electric turbo super- 
charger, thus giving the British bomber 
a higher ceiling than it otherwise could 


«oj Mis, 


numbing cold of the substratosphere. 

Judging from available reports, it 
would seem that the new British bomb- 
ers have exceptional load-carrying 
capacity; greater, in the case of the 
Stirling, than that of the Fortresses now 
in service abroad, but having lower ceil- 
ings than the present Boeings. Lord 
Beaverbrook is quoted as saying that 
the “Flying Fortress is the most valuable 
and useful of all bombers . . . with all 
respect to the Stirlings, Halifaxes and 
Manchesters.” Fortresses won’t carry 
so heavy a load as some of their bomb- 
ers, he said, but they will carry a load 
higher with a bigger measure of safety 
and a higher degree of efficiency. 

Later Boeings, the B-l/F's and others 
to be produced under the 500-per-month 
program, will have more defensive arma- 
ment, greater bomb capacity, more 
armor for the crews, and radio locators 
for enemy aircraft, which should in- 
crease their effectiveness considerably. 

But the steadiness at extreme alti- 
tudes beyond effective reach of AA fire 
and interceptor planes, which makes for 
accurate bombing, would appear to be a 
performance characteristic required in 
long range, heavy bombers if they are 
to carry out their missions efficiently. 
This characteristic the Boeing Flying 
Fortresses have, and possessed long 
before Britain became aware of its 
tactical value. 
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^ There is nothing in 
this quiet scene to 
suggest bombs and 
fighting planes. But it tells bet- 
ter than speeches, or martial 
music, or cheering crowds just 
WHY the energies of this great, 
peaceful nation have turned all- 
out to war production. He may 
not have the words to express 
his feeling, but this man’s work 
at Intercontinent's Miami plant 
is not just a bread-and-butter 
job to him. He's doing his part, 
helping build the hard metal 
sinews of military and naval 
power, to defend the American 
way of living. That is no catch- 
phrase; it is a vital, living thing, 
translated into the everyday lives 
of Americans in such simple, 
rich, important pleasures as 
going fishing with the kids. 
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Circuit 

Breakers 

that stay on the Job 



Klixon Circuit Breakers are permanent protectors 
that can be reset repeatedly by switch or push-but- 
ton. They are operated by a snap-acting, scientifically 
calibrated, thermostatic disc — and are shock- resis- 
tant and immune to vibration. 

Klixon Circuit Breakers do not trip out on harmless 
temporary short circuits. But they provide positive 
protection against maintained short circuits and 
harmful overloads. Designed for panel mounting . . . 
small, compact, available with self-locking nuts. 

It will pay you to install this permanent protection, 
which is being built into more and more military 
aircraft. Write for complete bulletins. 

jCLixolj 

Spencer Thermostat Co., 12 Forest St., Attleboro, Mass. 

MANUFACTURERS OF THERMOSTATS AND TEMPERATURE CONTROLS 

FOR AIRCRAFT CABINS. RADIOS. ENGINES AND INSTRUMENTS 



Klixon Switch-Type Circuit 
Breaker— Type C-6364. 



^ore planes and bearings 

FROM CURTISS-WRIGHT AND 5KF 


Sleek airplanes speed from coast to 
coast. An ever-increasing number of 
modern and well-armed planes are 
guarding the air over America . . . hop- 
ping the Atlantic and defending the 
sea lanes. These achievements would 
not be possible if organizations like 


Curtiss-Wright and SCSI?’ failed to 
expand their facilities. This is a war of 
machines, of assembly lines, of pro- 
duction. As long as the crisis lasts, 
let every American responsible for 
production vow to "Keep ’em flying !” 

SCSS* INDUSTRIES, INC., PHILA., PA. 



ROLLER 


BEARINGS 


A Fighting Heart for tin' planes in flip 

Heart of the Fight 


* In the epic life and death struggles raging through Euro- 
pean skies with the fate of the world in the balance, the flaw- 
less functioning of a plane’s electric propeller is absolutely 
vital. 

* Little wonder then that for the very heart of the propeller’s 
motor, Curtiss Wright depends on Aeralloy Contact Points. 

* Nor is the reason hard to find: Through more than a 
quarter of a century Wilco has pioneered in the development 
and micro-prccisioning of precious and semi-precious metal 
parts for industrial use. 

* Not only did Wilco develop the contact material which 
has proven the most satisfactory to meet the gruelling demands 
of the modern aircraft magneto, hut years before this achieve- 
ment — Wilco pioneered the contact point which was univer- 
sally adopted in the mass production of automotive magnetos. 


* Furthermore, Aeralloy contact points have proved their 
unequalled ability to “take it” in the magnetos of Curtiss 
built planes, in aircraft used in the world’s most historic 
pioneering flights, and in the Army, the Navy and every major 
airline in America. 

* Without delay, learn all about Aeralloy Contact Points 
by writing for the Wilco Blue Book. It also tells in detail 
why you will prefer Wilco Thermometals — the thermostatic 

temperature change. Write for 
your copy today. 

The H. A. Wilson Company 
105 Chestnut St.. Newark, A. 1. 

Branches: Chicago * Detroit 
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FOR HYDRAULIC CONTROL SYSTEMS 

| Used as original equipment by practically all lead- 
ing airplane builders, the G-159J Purolator is a 
thoroughly dependable filter for automatic hy- 
draulic systems installed for the operation of wing 
flaps, gun turrets, retractable landing gear, and 
other devices. This model will handle 12 g.p.m. 
of 100 SSU oil at 100° F., with a maximum of 
s. pressure drop. Operating pressures are up to 1 500 lbs. 
ing element has a spacing of .003". Weight only 1V4 lbs. 


The G-160 Purolator is specially developed for use on the 
suction side of the hand pump in emergency manual controls. 
It may also be used on the discharge side of the hydraulic 
pump, handling lVi g.p.m. at an operating pressure of 1 500 lbs. 


FOR LUBRICATING OIL 
in the plant 



PUROLATOR PRODUCTS, INC. 

Home Office: Newark, New Jersey • California Office: 1401 South Hope Street, Los Angeles 

PUR O L AT O R Ol L f7Tt E R S 



A IRPLANE manufacturers have been finding 
. that Formica is more and more useful to 
them, and have been specifying it for many more 
parts every year. They like its light weight, and its 
stable dimensions which are due to low moisture 
absorption and a low coefficient of the thermal 
expansion; they like the fact that it is inert chem- 
ically and will not react with the atmosphere to 


corrode or deteriorate in any way. It is capable of 
being accurately machined — and maintains its 
dimensions under extreme variations in conditions. 

The very great variety of parts that is now 
being made by and for the airplane industry is 
illustrated in a new catalog of “Formica Parts for 
Airplanes” which we will be glad to send on re- 
quest. Ask for your copy. 


* The Formica Insulation Company 
4628 Spring Grove Ave. • Cincinnati, Ohio 


ormica: 



THE INTERNATIONAL NICKEL COMPANY, INC. 


67 WALL STREET 
NEW YORK, N. Y. 




TYPICAL APPLICATIONS IN 
THE AVIATION INDUSTRY 



In this one simple, practical, inexpensive machine you 
have the answer to the problem of accurately sizing 
and finishing internal cylindrical surfaces from .185" 
to 2.400" in diameter. Many manufacturers engaged 
in the defense program have said that they are 
amazed that such a low cost machine can produce 
such accurate work. 

It saves you time in training new workers, too. It 
doesn't take a skilled machinist to operate the Sunnen 
Precision Honing Machine. Any intelligent workman 
with a few hours' practice can produce super-smooth 
surface finishes and hold accuracy to within .0001 ". 

This machine can be set up and work located in less 
than one minute. Corrects taper and out-of-round con- 
ditions and defects in previous machining operations. 

If you have an internal sizing or finishing problem, 
it will pay you to get complete information today. 
Write for free 8-page bulletin — or if you prefer, a 
sales engineer will be glad to call 
and demonstrate in your shop what 
this machine will do for you. 


H'Mil 


SUNKEN PRODUCTS CO., 


7942 Manchester Ave., St. Louis, Mo. — Canadian Factory: Chatham, Ont. I 




A MOTION PICTURE COMPLETE WITH SOUND 


THE B<3 CORPORATION 


Contractors to the United States Army, Navy and Coast Guard and Aircraft Engine Builders 









4,760,000 HORSEPOWER 

Provided for by Stromberg’s October Production! 


B ETTER than lour million horsepower . . . 

and better horsepower . . . than anyone 
ever flew with before! That was Stromberg's 
October contribution to the aircraft engine 
building program. 

All of the great aircraft engines of America, 
which are the backbone of our nation's avia- 
tion defense effort, employ Stromberg Injec- 
tion Carburetion. 

This modern method of fuel handling has 
contributed definitely to flying range, load 
capacity, maneuverability and safety. 


It was developed in the Bendix laborato- 
ries, and has been thoroughly service-proved 
in more than two years of military and com- 
mercial use. 

Stromberg Injection Carburetion is fully 
automatic, metering correctly at all flight loads, 
altitudes, temperatures and attitudes, saving 
fuel, minimizing icing and assuring maximum 
engine efficiency. 

BENDIX PRODUCTS DIVISION 
and WAYNE DIVISION 


STROMBERG 

INJECTION CARBURETORS 
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'micro switch 


et NEW 


. . . An Addition to the MOST 
Complete Line of Precision 
Switches for Aircraft 





8 out of 10 


have CUNO FILTRATION 



Why Do Engine and Aircraft 





Cuno Field Service 

Meanwhile, Cuno's service to 1 
industry has become increasin 



When, in your work, you think 
of fluids, think of Cuno — the com- 
pany that safeguards the fluids that 
safeguard flight. 




CUNO ENGINEERING CORPORATION, MERIDEN, CONN. 




TORRINGTON NEEDLE BEARINGS SIMPLIFY DESIGN 
SPEED ASSEMBLY AND WITHSTAND STRAINS 
IN MEYERS TRAINERS 



1 MEYERS OTW TRAINER is used for advanced instruc- 
tion.— almost exclusively in acrobatics — by Civilian Pilot 
Training Program operators. To withstand the severe strains 
imposed by stunt flying, Torrington Needle Bearings are 
used in the controls of Meyers planes. 


2 AILERON CONTROL is dependent on Torrington Needle 
Bearing. According to Meyers Aircraft Company engineers, 
“Use of the Needle Bearing helps to assure constant align- 
ment, reduces any possibility of jamming, and maintains a 
low coefficient of friction throughout its long life." 



3 THE SMALL SIZE of Torrington Needle Bearings permits 
important savings in dimensions, weight and cost of the sur- 
rounding assembly. They have high load capacity, yet require 
no more space than plain bushings, thus allowing simplifica- 
tion of design. Lubrication, moreover, is no problem, because 
Needle Bearings store large supplies of lubricant. 


-I ASSEMBLY TIME is reduced " because control bellcrank, 
enclosing Needle Bearing, is easily slid onto shaft.” And being 
self-contained units, made to accurate dimensions, Needle 
Bearings are quickly installed in housing, or, reports Meyers 
Aircraft, "If the occasion ever arises, they may be replaced 
rapidly without special tools." 


If you have a bearing problem where high load capacity, small size, light weight, ease of 
assembly and lubrication are important, investigate the advantages of the Torrington 
Needle Bearing. Our Engineering Department will be glad to work with you in adapting 
them to your assemblies. For details write for Catalog No. 114. For Needle Bearings to 
oe used in heavier service, consult our Engineering Department for special bearing designs. 



THE TORRINGTON COMPANY, TORRINGTON. CONN.. U. S. A. • ESTABLISHED 1866 

Maker, of Needle end Boll Bearingl 

New York Bo, too Philadelphia Detroit Cleveland Chicago London, England 

TORRINGTON NEEDLE BEARING 


AVIATION. December. 





C ARRIER-BASED off Diamond Head with 
strong units of the United States Navy, 
formations of fast, hard-hitting Brewster 
Buffalo shipboard fighters guard the Pacific 


armadas is the tremendous striking power 
of the Brewster Buccaneer and Bermuda, 
long-range dive-bombers now in production. 


outposts of America’s possessions. In the Far 
East, squadrons of Buffalos are now serving 
Great Britain and the Netherlands East 
Indies at Singapore and Batavia. Soon to be • 
added to the present strength of these aerial 

EOS LAS Till 6 KAST.ESY OF THE AIS 


L0N6 ISLAND CITY. N. Y. • NEWARK. N. 1. • IOHNSVILLE. PA. 








These superb machines, built to deliver any speed up tc 
two miles of saw blade travel per minute without vibra- 
tion, are doing hundreds of metal-cutting and other jobs 
in a fraction of the time previously required, in plant: 
throughout the aviation industry. To increase production 
and make important savings in costs by all means investi- 
gate them, at once. A line requesting Metal Cutting 
Band Saw Bulletin will bring you the complete fact: 
promptly. 

PERFECTLY SAFE: Two-Wheel Lockheed Hydraulic Brake: 
automatically and instantly stop the wheels in case of 
saw blade breakage — completely guarded. 

MANY HIGHLY DE- 



In the months ahead, with the 
demand fox Packard, aircraft 
cable steadily increasing, Pack- 
ard will continue producing fine 
electrical cable for all aircraft 
needs— as usual! 



PACKARD ELECTRIC DIVISION 

General Motors Corporation, Warren, Ohio 



STUDENTS 
LEARN FAST 
WITH 
WACO S 


Student fliers get the "feel of a Waco” quickly. 
Its easy maneuvering in the air and on the ground 
gives the students confidence. The Waco’s rec- 
ord for stability in the daily grind of acrobatics 
assures the maximum in safety. There are well 
over 400 Waco UPF-7’s now in service in the 
advanced courses of the Civilian Pilot Training 
Program which has already supplied more than 
12,000 pilots and instructors to the armed forces 
of the U. S. A. Low maintenance and simple serv- 
ice requirements give the Waco more hours in 
the air, less time on the ground . . . that’s why 
we say: "When you are considering the purchase 
of a trainer, ASK ANY PILOT about the Waco.” 
The Waco Aircraft Company, Troy, Ohio, U.S.A. 

The I Vaco UPF-7 owned by the Bronson Flying Service, Meransec 
Airport, Kirkwood, Missouri, is used Jor secondary training and 
has bad over 1,000 hours in the air without one cent spent Jor re- 
pairs. Ray Branson says, "For this type oj training, the I Vaco 




FIBERDUCT CAN BE LAID OUT TO SUIT THE NEEDS OF 
THE BUILDING. ABOVE IS TYPICAL FACTORY LAYOUT 


Fiberduci underfloor raceways will make 
power conveniently available everywhere. These 
raceways can be tapped at any time for electrical 
connections. You are sure to be pleased with 
the flexibility Fiberduct underfloor raceways give. 

Outlets can be preset at the factory or set 
when the Fiberduct is installed or set at any 
later time. Ducts can be installed for power, for 
lighting or for signal systems. 

Fiberduct is made of non-corrodible fiber and 
is moisture resistant and high in mechanical 
strength. It can be installed easily and quickly. 

For further information about Fiberduct and 
the ways in which it can be installed see the 
nearest G-E Merchandise Distributor or mail 
the coupon for a G-E Fiberduct combined 
catalog and manual. 




Address 


City. .Slate.. 



0 Prof itable Reasons 

FOR ORDERING YOUR CASTINGS 

from WELLMAN 


M ANY prominent aircraft firms are ordering 
* magnesium and heat-treated aluminum 
castings from Wellman, because Wellman 
Service offers these adavntages: 

1 PROMPT DELIVERIES Our entire organiza- 
. tion, including personnel, equipment and 
plant capacity is geared up to meet exact- 
ing schedules. 

2 ADEQUATE FACILITIES A new modem 
. plant offers 40,000 sq. ft. of additional ca- 
pacity. Also, our older plant has been 
streamlined for faster production. 

3 PRECISION QUALITY Wellman castings 
. have the fine degree of accuracy required 
for aviation work, if necessary, within + or 
— 1/64". 

4 EXPERIENCED PERSONNEL Our em- 
i ployees have a background of 30 years in 
brass and aluminum, and 10 years in 
magnesium. 

5 QUALITY CHECKING The quality of Well- 
. man castings is rigidly tested by labora- 
tories. X-ray apparatus and other facilities. 



THE WELLMAN BRONZE AND ALUMINUM CO. 

«002 Superior Av*. Cleveland, Ohio 
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PRODUCTS 




SHOP EQUIPMENT 







Zenith 

CAST IRON 
SURFACE PLATES 



Formerly made only for our own use, 
now available for manufacturers, machine 
shops and large tool rooms. Made with 
"professional" skill by master toolmakers, 
finished to best toolroom practice. Choice 
of seven support points provides flexi- 
bility of use for all shop needs. Five legs 
or blocks furnished with each plate. 
South Bend Tool & Die Company* 1912 
South Main Street, South Bend, Indiana. 


SOUTH BEND TOOL <5, DIE CO. 



Aero ITI-Trained Men Are 


Working closely wtih the production men of prac- 
tically every aircraft manufacturer, Turco Service 
Engineers have learned the best ways to handle all 
types of industrial cleaning. These short cuts to 
efficient production are available to you. 


^URCO VtiODUCTS, (nc. 
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THE PROOF 



w ,. v This 

y'vf/ 

' proves 

that the 
instruction 
provided at 
%y ROOSEVELT 
AVIATION 
SCHOOL meets all 
the requirements of 
the industry. 


WINTER CLASSES 
START JANUARY 5, 1942 


AVIATION TRAINING AT ITS BEST 

ROOSEVELT AVIATION SCHOOL 

at Roosevelt Field, Mineola, Long Island, N. Y. 
Without obligating me, send details o/ course checked: 

□ COMMERCIAL PILOT □ COMBINATION FLIGHT-MECHANIC 

O PRIVATE PILOT □ MASTER AIRPLANE A ENGINE MECHANIC 



WELDWAVn 

W V PLASTIC RESIN ^ 

WATERPROOF CLUE 


WELDWOOD 

• • • the GLUE of the 
Aviation Industry 

WELDWOOD PLASTIC RESIN GLUE has 
been approved for aircraft by the United States 
Navy, United States Army and the Civil Aero- 
nautics Administration when properly applied* 

manufacturers of aircraft and aircraft parts. ^ 
WELDWOOD GLUE is a cold setting, one-part 
plastic that requires no heat or hardener. It mixes 
instantly with tap water — ready for immediate 
use. Upon setting up, WELDWOOD GLUE 
becomes Waterproof, Stain-free, Rot-proof and 
Enduring. 

♦Sample can of WELDWOOD GLUE, test repon and process 

UNITED STATES PLYWOOD CORP. 

World's largest producers of Plywood 

616 West 46th Street, New York, N. Y. 



BLIND FLYING HOODS 
ENGINE COVERS 
LANDING GEAR. TAIL WHEEL 
AND STICK BOOTS 
FUME PROOF SLEEVES 
HUB COVERS 
CUSHIONS 
CRASH PADS 
FLOOR COVERINGS 
SEATS 

PRESERVER CUSHIONS 




Contact! 

L. POTTER, INC. 

BETHPflCE, L. I„ M, 


ANYTHING OF FABRIC 
COCKPIT ROLLS 
COWL PADS 
STRAPS 

PAD ASSEMBLY HEAD RESTS 
CORD ASSEMBLIES 
WING COVERS 
FUSELAGE COVERS 
CONTAINER ASSEMBLIES 
FLEXIBLE GUN HEAD 


SrtOMtf l *55J5S\H6S \ 
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The first aviation crankshafts were 
forged by Wyman-Gordon. Down 
through the years, with the marvel- 
ous advance of the industry, every 
Wyman-Gordon forging has been 
made under the rule that nothing but 
the best should go in the air. 

WYMAN-GORDON 

Worcester, Mass. Harvey, Illinois 
Detroit, Mich. 


aircraft instruments . . . 
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Built with a world of care — 
Backed by a world of experience 
BENDIX-SCINTILLA 


JW Aviation is one field where care and precision are 
all-important. Bendix-Scintilla Aircraft Magnetos, 
Spark Plugs, Switches and Radio Shielding have always 
been built with that idea uppermost in mind. And since 
we've been at this business of supplying ignition equip- 
ment to every branch of American aviation for many 
years, we feel that we can say with assurance that— Bendix- 
Scintilla products are built with a world of 
care and backed by a world of experience. We 
believe that knowledge is a source of confi- 
dence for men who fly— especially these days, 
when American air supremacy means so much. 

SCINTILLA MAGNETO DIVISION 

BENDIX AVIATION CORPORATION. SIDNEY. N. Y. 



Machining 
to 

Superfine 
Tolerances 

Machining of aircraft and automotive engine parts to super- 
fine precision clearances is the one thing in which we 
specialize and also excel — due in no small measure to the 
fact that the majority of our personnel of highly skilled 
men has been with Govro-Nelson continuously for a period 
of 10 to 15 years. 

• Write Us Ceecerelif tear legal reaieefil 

THE 

GOVRO-NELSON 

COMPANY 

1931 Antoinette Detroit, Mich. 


DARNELL Corporation, J.U 

36 N. CLINTON ST., CHICAGO, ILL. 
60 WALKER ST., NEW YORK N. T. 
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,HE pedestal attach- 
ing fittings on Nor- 
throp Patrol Bombers 
ore made from Amp- 
coloy 66, a high ten- 

trolled analysis. Con- 
and flying spray made corrosion- 
fittings imperative, and, once again, top aircraft 
designing engineers chose an Ampco-made bronze. 

thirty-three different makes 
of aircraft are Ampco-equipped today. The high physical 
properties of Ampco bronzes — their stubborn resistance 
r, impact, and failure — their controlled hardness 
and high tensile strength — all combine to make them im- , 
portant in aircraft construction. 

Ampco bronzes are used in propellers, engines, retract- 
able landing gear, and other aviation equipment. Ask 
engineers how Ampco Metal will help im- 
jljS5^"s«Jy > rove your construction. "Ampco Metal in 
Aircraft" will be sent upon request. 
AMPCO METAL, INC • Milwaukee, Wis. 
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• • • PRODUCTION 

• • • RECONDITIONING 






AIRCRAFT 

STEELS 

IN STOCK 

FOR IMMEDIATE SHIPMENT 


STRIP • SPRING STEELS 


■Oil Jiijei . . . -OH -Onalijial 


Electric furnace Aircraft Quality steels . . . 
subject to Magnaflux test . . . conform to Army 
and Navy specifications . . . cold drawn and 
annealed, or heat treated. Send for Stock List 


n 


THE HAMILTON 
STEEL COMPANY 

TAFT AVE. AT EAST 131st STREET 


LIBERTY 2800 • CLEVELAND, OHIO 





DRAKE MANUFACTURING CO. 


1713 W. HUBBARD ST. • CHICAGO, U.S.A. 



whi"rr 0 ™ a Son ^ °c" 1 how ,he> ' orc n,i " le ' 




SEE IT 10 DAYS— MAIL THE COUPON 











SHEET HOLDERS 


BA 30 

B*A*30 airplane wing cloth, famous for 
its uniformity, is lighter, stronger and more 
closely woven than other airfoil fabrics. 

WELLINGTON SEARS COMPANY 


Heat-Treated 
ALUMINUM CASTINGS 


for Aircraft 
ALUMINUM PISTONS 


RAY DAY PISTON CORP. 

West Warren at Walton 
Detroit. Michigan 


AVIATION. 



,«•; nrtcosgar 
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> Prompt Shipment from 10 Strategically-Located 

I Steel'SerViCe Plants. ..Principal products include — Alloy 




in AUTOMATIC ELECTRIC 
AVIATION RELAYS 

Automatic Electric avjation relays — 

time through years of exacting use 
. . . constantly improved by endless 
laboratory- tests . ^ . backed by the 
specialized manufacturing experience 
— these relays give you the superior 
performance and long life that mean 


Send for your free copy of 

AMERICAN AUTOMATIC ELECTRIC SALES COMPANY 
1033 W. Van Buren Street, Chicago 

H I i i fif—a < R 

RELAY MAKERS SINCE 1898 








What’s NEW in Flying? 


Find the answer every month in Aviation — 
the oldest American aeronautical publica- 
tion — the most up to date. 

New training methods — new flying prac- 
tices — new theories, money making sugges- 
tions — important maintenance and repair 
ideas for those who fly for pleasure or busi- 
ness, transport or airport operators, etc. — 


thoroughly covers every angle of flying — 
business and private — in complete under- 
standable articles fully illustrated with 
photos, charts and diagrams. 

If you are interested in flying, Aviation 
is as essential to you as fuel to the motor. 
Start reading it regularly today. 


Mail Coupon Now . . 


WOW. °2d St, N.. York City 

SS A ' lu "" n '" r *“ « 



No Money Needed 

Use the convenient coupon at left. 
No money needed now. We will 
bill you. But don't miss another val- 
uable issue of AVIATION. Make 
sure you receive it each month by 
filling out and mailing us the coupon 
at once — NOW. 



Allied Aviation 

Corporation 


MOLDED PLYWOOD AIRCRAFT 

BALTIMORE, MD, U. S. A. 

• 

Plastic Bonded 

MOLDED PLYWOOD 
AIRCRAFT 
COMPONENTS 

Versatility and Strength 

Prompt Deliveries 



H AVE you looked at aircraft fabric 
specifications lately? 

There have been some changes made. 
One of the most remarkable has been the 
increase in the weight-strength ratio. 
Fabrics today are stronger, lighter in 
weight than ever before. 

Airwing Aircraft Fabrics are keeping 
pace with America's fast moving avia- 
tion industry. We maintain rigid manu- 
facturing controls throughout every step 
in the making of these fine cloths. Then 
the Thurston Laboratory tests . . . tests 
. . . tests — just to be on the safe side. 

Are you using Army and Navy Specifi- 
cation fabrics? Do you manufacture light 
planes? Are you sub-contracting fabric- 
covered surfaces? You will wish to know 
all about Airwing products. 


Send for file-size folder containing 
swatches of actual Airwing Fabrics and 
Taoes. 



W. HARRIS THURSTON 


+T HURST ON CUTTING CORPORATION ★ 






If there is anything you want— 

or something you don't want that other readers 
of this paper can supply— or use — advertise it in 

Aviation's Market Place 

AVIATION "CLASSiniD" 


Where To Buy 

NEW EQUIPMENT — ACCESSORIES — MATERIALS — SUPPLIES 



JACOEL 
CABLE SPLICER 


splicin 


aft c 


trol cables ' and HOIST- 
ING SLINGS. 

In use by U. S. Govern- 
and 'Schools 

I. JACOEL CABLE SPLICING 

jmm 


»>TITANINE> 

TITANINE INC. UNION, N. J. 







CLASSIFIED ADVERTISING 


AVIATIONS MARKET PLACE 



AVIATION S MARKET PLACE 







AVIATION'S MARKET PLACE 



•pair Station 188 


INSTRUMENTS 

NEW — USED — 4LL TYPES — SALES — REPAIR — INSTALLATION — COMPLETE STOCK 1 
STANDARD AIRCRAFT EQUIPMENT COMPANY 

Rcoiavnlt Field. Mined*. L. L, N. Y. Garden City 8753 


INSPECTIONETTES 





LA TOUR AERONAUTICAL SALES 


Seaboard Aircraft S 


MINEOLA, N. Y.— Phone Gardi 

Outstanding Val 

Spartan E: 
Stinsons, and Wac 
for sale 


WINGS FIELD, INC. 


LEGAL NOTICE 


menu,,, Albany. N. Y.. fer 






AVIATION S MARKET PLACE 


Aviation Schools 

Aeronautical Engineering — Ground — Mechanics 
Flying — Instrument 









The American Aircraft Industry produced 
a lot of airplanes at an ever-increasing 
tempo during the first nine months of 
1941. It actually expanded 900% over 
the same period a year ago. The count isn’t 
in for the whole year yet, but our pace— 
our output— continues to forge ahead. 
There's one real reason for this record- 
a nd that's because our hearts are in our jobs 
. . . but were not different from any other 
men in American industry. 

We do think however, Americans every- 
where should know these aviation facts: 

1. No industry in the history of the world 
has expanded so fast— ever. 

2. No industry has ever expanded so— with 
no sacrifice of quality in product. 

3. No industry has ever so led the world 
in performance, stamina, speed, of product. 

4. No country— England, Germany— any 
country— produces better airplanes of any 
type— big bombers— medium or light or 



These arc strong statements. But we can 
make them honestly, without boasting; it's 
been a cooperative job. We've had to make 
changes and we've learned a lot. We've 
worked with Washington and Dayton— 
with OPM— the engine men -with the 
Army and the Navy. We've fought with 
them too— but that s the healthy wav of 


getting the best from the best country in 
the world. But mind you we’ve fought with 
—not against them, and they with us, not 
against us. Without them we would have 
accomplished little. 

Now, the gearing up— the speeding up— is 
well on its way. Now— real production is 
rolling. Now 'planes to turn the tide are 
beingdelivered in fast-increasingquantitics. 
And from it all we arc learning so much 
that it seems almost unbelievable. Military 
necessity has taught us new wing structures 
—new arcodynamics that doubtless will be 
applied to the design of post-war airplanes 
for you— for the world. And military pro- 
duction techniques are teaching us how to 
make them chcapcr-fastcr-stronger. 

That's why we know that permanent good 
is coining from this emergency. That's why 
our jobs arc good jobs. That’s why we an- 
ticipate a future of peace on earth— a future 
industry that will make your lives-our lives 
—more prosperous and happy. 


lOCKMSSD AIRCRAFT CORPORATlOtS 
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AAC ENGINE INTAKE FILTER 



AMERICAN AIR FILTER CO., INC. 

331 Central Ave. Louisville. Ky. 


mmrnm I j 


BACKED BY 22 YEARS OF 
AIR FILTER EXPERIENCE 

The need ior aircraft engine intake air filters is universally 
recognized. The remaining consideration, therefore, is the 
selection of the RIGHT filter to do the job. 

In air filter engineering and construction as in the manu- 
facture of airplanes, experience is the greatest teacher. For 
over 22 years the American Air Filter Co. has built air 
filters for every air cleaning need, and as a result of this 
experience is able to furnish engine intake filters which 
not only meet airplane construction requirements but speci- 
fications of the Army Air Corps as well. Write for com- 
plete information and free Technical Report #306. 




VULTEE CANOPY FRAMES 
OF EXTRUDED PARTS 


Th. « oi nragn.sium to the «‘™ dod 

extruded section. oi “ WMCTM ' ““l 

canopy t=« to. Vul.ee Bade Tra.n.r BT-13A. 
shown above. 

. „ a weight-saving metal, 

DOWMETAL, unique as a w y h d 

is readily fabricated by all the »»«=> 

Technical da, a is available. Dow nrvde. 

consultations. 


'77^ CHEMICAL COMPANY 
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Starter Clutch Breakaway Teat — Eclipse Production Test Department. 
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Precision-Built and Performance 
Tested for Dependable Service 


ECLIPSE AVIATION 

DIVISION OF BENDIX AVIATION CORPORATION 
BENDIX, NEW JERSEY, U. S. A. 


Ruggedly constructed to meet the most exacting requirements 
of military and commercial service. Eclipse Aircraft Accessory 
Units are dependable and efficient under all normal operating 
conditions. To maintain the high Eclipse standards of per- 
formance and reliability, it is essential that specified installa- 
tion, operation and maintenance procedures be observed. 

Authorized Eclipse Service Stations, manned by personnel 
skilled in the maintenance of Eclipse products, are available with 
proper tools and test facilities for overhaul and periodic servicing. 

A complete factory service repair department and a compe- 
tent staff of field service engineers also stand ready to assist 
in the handling of maintenance problems. 

Eclipse Aircraft Accessory Equipment : Engine Starters, Solenoid Switches, Booster 
Coils, Control Switches, Generators and Control Boxes, Radio Dynamotors, 
Supercharger Regulators, Electric Retracting Motors, Propeller Anti-Icer Pumps, 
Mechanical De-Icer Equipment, Air Pumps, Air Valves, Oil Separators, Hydraulic 
Pumps, Ammunition Rounds Counters and Contactors, Synchroscope, Fuel 
Flowmeters, Seamless Flexible Metal Hose. Ordnance Equipment, Magnesium, 
Aluminum and Non-Ferrous Sand Castings. 



